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SPINA BIFIDA
Spina bifida is a complex congenital disorder that represents a broad
spectrum of neural tube defects (NTDs), including spina bifida occul-
ta and aperta. The incidence varies in different parts of the world.
Nowadays, it is generally 0.4-1.0 per 1000 births in the USA, while a
slightly higher incidence is found in Northern Europe [1]. Over the last
20 years, there has been an enormous decline in the number of NTDs
due to primary prevention, such as universal folic acid supplementa-
tion during pregnancy. Due to widespread screening programs for
pregnant women (diagnosis in utero), secondary prevention has
become possible (termination of affected pregnancies) [2].
Nevertheless, these steps will probably not entirely eliminate NTDs.
In occult forms of spina bifida, representing disorders of the caudal
neural tube formation, the lesions are covered with intact skin and
function is often normal at birth. Therefore, the abnormality often
goes undetected for years, but during life, symptoms can occur due to
spinal tethered cord syndrome. Patients with symptomatic spina bifi-
da occulta have varying degrees of lower extremity weakness, progres-
sive locomotion problems, sensory impairment, or neurogenic
bladder and bowel dysfunction [3-9].
The term spina bifida aperta refers to ‘open’ forms of spina bifida
such as myelomeningocele (MMC) and meningocele. In MMC, there
is protrusion of the spinal cord, meninges, and cerebral spinal fluid
into a sac. Both brain and spinal cord are often malformed, resulting
in various degrees of abnormalities, such as hydrocephalus, and mal-
formation of the brainstem, known as Chiari II malformation [10].
Persons may also develop other problems of the central nervous sys-
tem such as hydromyelia, lipomas, or tethered spinal cord syndrome
[11], that occur in patients with spina bifida occulta as well. All these
neurological problems affect the function of upper and lower extremi-
ties, producing varying degrees of weakness or spasticity, lack of sen-
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sation, bladder and bowel incontinence, as well as neurocognitive dys-
function [12-21].
In patients with meningocele, the sac contains meninges and cere-
brospinal fluid, but the spinal cord remains within the spinal canal.
Therefore, clinical symptoms are less severe than in MMC. As MMC
is the most common and most serious form of open neural tube
defect, the majority of research has been focused on this defect.
If left untreated, MMC is a defect with an extremely high mortality.
Before neurosurgical treatment was established in the 1960s, most
patients died from hydrocephalus, meningitis and/or perinatal 
problems. Treatment of hydrocephalus became available with the
introduction of the cerebrospinal fluid shunt. However, the majority
of children who survived as a result of the shunt, were severely dis-
abled [12,13]. Therefore, from the 1960s to 1980s the treatment
changed from active therapy regardless of the lesion level, to selective
treatment based on deficits as assessed by a neurological examination.
Due to concerns about the predictive accuracy of this neurological
examination aggressive therapy is carried out in many countries [1,13].
The mortality of newborn infants with NTDs has been significantly
reduced by scientific advances in the medical field such as improved
neonatal care, effective antibiotics, and non-invasive nervous system
imaging techniques including magnetic resonance imaging (MRI),
ultrasound and computerized tomography (CT-) scans.
Improved surgical techniques have further reduced morbidity. The
primary neurosurgical intervention is the repair of the MMC. The
major goals of this procedure are to eliminate the cerebrospinal fluid
leak, to prevent infection, to preserve neural function, and to prevent
secondary tethering of the spinal cord at the level of the surgical repair
[22-25]. Primary closure is mostly performed within 24-72 hours after
birth, allowing time for general pediatric and neurological evaluation
of the newborn. Hydrocephalus is not often present at birth, but
shunting is usually required within the first week of life [10,21,22].
The optimal timing for shunting is still a topic in current medical
research.
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Over the last years, there is a debate on the role of intrauterine surgery
for children with MMC [10,21]. Bannister [10] reported arguments for
and against intrauterine surgery. She stated that fetal surgery should
significantly improve function in terms of bowel and bladder control,
sexual function and walking abilities, compared to conventional treat-
ment, to justify the risks that this treatment imposes on the mother
and the fetus. Furthermore, minor improvements in neurological sta-
tus do not necessarily significantly improve functional outcome.
Improved medical treatment in urology and orthopedics also has
reduced mortality and morbidity. During earlier decades, death
occurred due to renal failure as a result of vesicoureteral reflux (VUR)
and hydronephrosis. With the introduction of pediatric urodynamics
in the middle 1970s, it became clear that these problems were associ-
ated with abnormal activity (hyperactivity or inactivity) of pelvic floor
and detrusor. In about 50% of children with MMC, detrusor-sphincter
dyssynergia creates a functional obstruction of the bladder outlet that
is responsible for VUR and renal damage [26]. Nowadays, with the
introduction of clean intermittent catheterization to empty the urinary
bladder, and treatment of detrusor overactivity with anticholinergics,
obstructive uropathy and renal damage can be avoided. A major
advance in orthopedic surgery, is the stabilization of scoliosis by inter-
nal fixation devices [27-29].
Today, with advanced medical treatment, more children with spina
bifida survive into adulthood. It is of major importance that spina bifi-
da research not only focuses on medical aspects, but includes the
impact of the disorder on personal and social levels as well. Ongoing
disability research is therefore of clinical importance.
Disability concepts
There are three major disability concepts. Firstly, such as the ‘disabili-
ty model’ as developed by Saad Nagi [30] in 1965 and modified by
Pope and Tarlov [31] in 1991. Secondly, the International Classification
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of Impairments, Disabilities and Handicaps (ICIDH 1 & Beta 2 draft)
developed by the World Health Organization (WHO) [32,33]. Thirdly,
in the middle-nineties, the ‘disablement process’ based on the work of
Nagi and described by Verbrugge and Jette [34], was advocated as a pri-
mary tool for physical therapy research and decision making [35].
Therefore, we chose this model to guide us in our research on the
functional consequences of spina bifida, instead of the ICIDH model
that was often used in European rehabilitation research. The ICIDH
concept was primarily designed as a classification model for coding
and manipulating data on the consequences of health conditions.
Moreover, the model did not differentiate between ‘functional limita-
tions’ (individual capability) and ‘disability’ (actual performance in
response to the environment), which are important issues in child-
hood research [34-36]. Recently, the International Classification of
Functioning, Disability and Health (ICF), designed by the WHO in
2001 is advised [37].
In the ‘disablement process’ as described by Verbrugge and Jette [34],
the term ‘disablement’ refers to “impacts that chronic and acute con-
ditions have on the functioning of specific body systems, and on 
people’s abilities to act in necessary, usual, expected and personally
desired ways in their society”. The ‘disablement process’ describes
how chronic and acute conditions can affect functioning in specific
body systems, generic physical and mental actions, and activities of
daily life. Additionally, it describes personal and environmental factors
that can speed up or slow down the disablement [34].
The ‘disablement process’ consists of four different domains: ‘pathol-
ogy’, ‘impairments’, ‘functional limitations’ and ‘disability’.
‘Pathology’ refers to “biomedical and physiological abnormalities that
are detected and medically labeled as disease, injury or
congenital/developmental conditions”. ‘Impairments’ are defined as
“dysfunctions and significant structural abnormalities in specific body
systems”. ‘Functional limitations’ are “restrictions in performing fun-
damental physical and mental actions used in daily life”. ‘Disability’ is
defined as “experienced difficulty doing activities in any domain of
6
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life”. There are several factors that might influence the outcome of
this pathway, such as intra-individual factors (coping, life style, self-
esteem), extra-individual factors (medical care, rehabilitation) and risk
factors (environment, predisposition). The differences between ‘func-
tional limitations’ and ‘disabilities’ can be characterized as ‘can do’
versus ‘does do’. ‘Functional limitations’ refer to individual capability,
whereas ‘disability’ refers to actual performance in response to the
environment. The combination of these two domains are included in
the field of ‘health related quality of life’ (HRQL) in which elements of
emotional well-being, competence and life satisfaction are included
[35-36].
Previous disablement models, such as Nagi’s [30] or the ICIDH-1 [32],
presenting the main pathway of disablement as a more or less linear
progression of response to illness, and disabling conditions have been
viewed as static entities. Verbrugge and Jette [34-36] emphasized that
“disablement is more often a dynamic process that can fluctuate in
breadth and severity across the life course”. The ‘disablement process’
as described by them, has a lot in common with the most recent
International Classification of Functioning, Disability and Health
(ICF) [37], and shown in Figure 1 [36]. In the ICF model, each compo-
nent can be expressed in both positive and negative terminology.
Therefore, it might be seen as an enablement framework as well as a
disablement framework [36,37].
‘Disablement process’ and HRQL in spina bifida
Physical therapy is a commonly used intervention for children with
spina bifida. Traditionally, therapists focused on improvement of mus-
cle strength, muscle tone, and the prevention of contractures, to opti-
mize childhood development and functioning [38]. However, it is not
clear how these ‘impairments’ are related to functional independence
and HRQL. In various other chronic diseases, impairment parameters
do not significantly correlate with functional abilities and disability
8INTRODUCTION
Figure 1
Disablement model and International Classification of Functioning, Disability and Health
(ICF). Adapted from Jette and Keysor, 2003 [36].
Anatomical Physiological Task Involvement 
Body Parts Functioning of Performance in Life Roles
the Body
Disablement Pathology Impairments Functional Disability
Model limitations
Disease, injury, Dysfunction Restriction in The expression 
congenital and structural basic physical  of a physical or 
condition abnormalities in and mental limitation  
specific  body mental actions in a social 
systems context
ICF Body Function and Structures Activities and Participation
Physiological function of body Activity: 
systemanatomical parts of body Execution and of a taskor action
Participation: 
Involvement in a life situation
9CHAPTER 1
parameters [39,40]. Most outcome studies in the field of spina bifida
research focus on disease aspects (‘pathology’) and its relation to one
of the domains in the ‘disablement process’, such as physical func-
tioning [12,13,16,17,20-22], cognitive abilities [14,15,20], or psychoso-
cial adjustment [41-46].
The relation between lesion level, muscle strength and ambulation
has been studied extensively [47-53]. McDonald et al. [50] studied the
relationship between patterns of lower-extremity muscle strength and
ambulation in 291 children with MMC. They found m. iliopsoas
strength to be the best predictor of ambulation, with the m.quadri-
ceps, m. tibialis anterior and mm. gluteï also contributing significant-
ly. Dudgeon et al. [53] reported that patients with midlumbar lesions
demonstrate most variation in ambulation level. Hunt et al. [12-14]
reviewed a complete cohort of children with MMC 25 years after clo-
sure, and looked at several aspects of disability. Conditions relevant to
independence were lesion level, shunt status, intelligence, ambulation
level, and pressure sores. Intelligence appeared to be significantly
related with shunt status. It is important to keep in mind that these
findings reflect the effects of treatment strategies carried out in the
1980s. Only few studies focus on family function [41,43,45].
McCormick et al. [41] reported that the impact of a child with spina
bifida on family function, related less to the clinical diagnosis than to
the child’s functioning at home with regard to activities of daily living.
Therefore, the child’s function at home should be included in evalua-
tions.
From the above mentioned literature on long-term outcome, it
became clear that spina bifida has a significant impact on the health
of individuals. It is important to find out how ‘pathology’, ‘impair-
ments’, ‘functional limitations’ and ‘disability, and HRQL relate to
each other in children with MMC, as well as in those with other types
of spina bifida (OTSB). The possible interrelationships between these
domains, is the main focus of this thesis.
Literature on HRQL in children with spina bifida is scarce [54-57].
Recently, Parkin et al. [54] developed a disease specific ‘Health Related
10
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Pathology 
Type of spina bifida
Lesion level 
Associated CNS anomalies 
- Presence of shunted
hydrocephalus
- Chiari II malformation
- Hydromyelia
- Tethered cord
(Medical records and 
MRI-findings)
Disability
Level of independ-
ence
(PEDI-scores on
caregiver assistance
regarding self-care,
mobility and social
function)
Functional limitations 
Ambulation level 
(according to Hoffer)
Motor performance
(BSID / M-ABC)
Functional abilities
(PEDI-scores on
functional skills
regarding self-care,
mobility and social
function)
Quality of life
Spina Bifida Health Related Quality of
Life Questionnaire
Impairments 
Muscle strength 
(MRC-grading)
Muscle tone
(according to
Shurtleff)
Range of motion 
(goniometer)
Mental status
(IQ) 
Protective factors Risk factors
Internal factors
- Gender and age
- Body length and body weight
- Perceived competence (Harter)
External factors
- Educational level of parents
Organ/body level Personal and social level
Figure 2
Variables and measurements used in this thesis to evaluate the ‘disablement process’ in child-
hood spina bifida. All measurements will be explained and discussed in the different chapters
of this thesis.
Abbreviations: CNS = central nervous system, MRC = medical research council, IQ = intelli-
gence quotient, BSID =  Bayley Scales of Infant Development, M-ABC = Movement
Assessment Battery for Children, PEDI = Pediatric Evaluation of Disability Inventory.
Quality of Life Questionnaire’ for use in children and adolescents with
spina bifida. With this questionnaire, HRQL can be evaluated from
the perspective of the individuals themselves and their parents, rather
than from the perspective of clinicians. It is has been shown that 
children with spina bifida and their families do not view their health
as negatively as their physicians do [43,54].
An overview of the variables and measurements used in this thesis to
evaluate the Disablement Process in childhood spina bifida, are
shown in Figure 2.
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AIMS OF THE THESIS
Based on the lack of knowledge on the different aspects of the ‘dis-
ablement process’ in children with spina bifida, as well as on the rela-
tionships between ‘pathology’, ‘impairments’, ‘functional limitations’,
‘disability’ and HRQL, the aim of this thesis is:
- to compare outcome in patients with myelomeningocele (MMC),
with those with other types of spina bifida (OTSB) and to investi-
gate associations between ‘impairments’, ‘functional limitations’,
and ‘disability’, perceived competence and HRQL.
- to investigate determinants for functional independence and study
which functional abilities were determinants for HRQL in children
with MMC.
- to investigate functional outcome in two groups of children with
sacral level paralysis: MMC versus lipomyelomeningocele (LMMC).
Due to the scarce knowledge of the functional consequences of neuro-
surgical release of spinal tethered cord and surgical correction of
spinal deformities, other aims of this thesis are:
- to determine long-term outcome of neurosurgical untethering on
neurosegmental motor level and ambulation level in children with
tethered spinal cord syndrome.
- to determine the effects of spinal fusion on ambulation level and
functional abilities in children with spina bifida.
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OUTLINE OF THE THESIS
The first Chapter is a brief introduction on spina bifida and issues
regarding the ‘disablement process’. The conceptual framework and
the aim of this thesis are formulated.
In Chapter 2, we compare ‘pathology’ parameters (type of spina bifida,
presence of associated central nervous system abnormalities, and
lesion level), ‘impairment’ parameters (mental status, range of motion
and muscle strength), as well as ‘functional limitation’ and ‘disability’
parameters (ambulation level, functional skills and caregiver assis-
tance, perceived competence, and HRQL) in patients with MMC with
those with OTSB. Within the MMC group we compare outcome in
children with and without hydrocephalus. We also investigate associa-
tions within the ‘disablement process’, such as associations between
muscle strength (‘impairment’) and ambulation level (‘functional lim-
itation’), and associations of perceived competence with mental status,
ambulation level, functional abilities and amount of caregiver assis-
tance, and HRQL. Associations of HRQL with mental status, ambula-
tion level, functional abilities and amount of caregiver assistance are
also studied in this chapter.
In Chapter 3, we investigate which factors of the ‘disability process’
domains are the most important determinants for functional inde-
pendence regarding self-care and mobility in children with MMC.
With regard to HRQL, our main interest was to find out which func-
tional abilities were the most important determinants for quality of
life in order to set relevant and realistic goals for physical therapy
treatment.
In Chapter 4, we investigate muscle strength, ambulation level, motor
performance and functional outcome regarding self-care, mobility and
social function, in two groups of children with sacral level spina bifida
(MMC versus LMMC). The differences in outcome in children with
MMC (who all had hydrocephalus and Chiari II malformation) and
those with LMMC (without these central nervous system abnormali-
13
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ties) are discussed. Each group is compared with reference values of
the normal population, regarding motor performance and functional
outcome.
In Chapter 5, the long-term effects of neurosurgical untethering on
neurosegmental motor level and ambulation level are studied. We also
tried to gain insight into risk factors in deterioration of ambulation
level and in the occurrence of retethering.
In Chapter 6, the influence of surgical correction of spinal deformities
on ambulation level and functional abilities, is studied prospectively.
The course of ambulation, functional skills and the amount of care-
giver assistance needed regarding self-care and mobility is evaluated
from pre- to 18 months post-surgery.
In Chapter 7, we present a summary and general discussion.
Conclusions on the importance of disability research are drawn, and
directions for future research are given.
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ABSTRACT
OBJECTIVES: To compare outcome in patients with myelomeningocele
(MMC), and other types of spina bifida (OTSB), and to investigate
associations between ‘impairments’, ‘functional limitations’, ‘disabili-
ty’, perceived competence and quality of life.
DESIGN: Cross-sectional study of 177 children (122 MMC, 55 OTSB).
Mean age 8.2 years; range 1-18 years. ‘Pediatric Evaluation of
Disability Inventory’ (PEDI), Harter Self-Perception Profile, Health
Related Quality of Life Questionnaire (HRQL), were used as main out-
come measures.
RESULTS: The percentage of patients with disabilities regarding self-
care, mobility and social function, was higher in MMC than in OTSB;
59%, 76%, and 43 %, compared to 31%, 27%, and 20 % respectively (p
< 0.001). The percentage of patients with low HRQL scores was high-
er in MMC compared to OTSB, 63% and 15% respectively (p < 0.001);
in the OTSB group, perceived competence was not better. HRQL
showed positive associations with ambulatory status in different age
groups (rs = range 0.42-0.60, p < 0.01), with all domains of the PEDI
(r = range 0.19-0.60, p < 0.05) and with mental status (r = 0.71, p <
0.01), whereas perceived competence showed no associations with
most of these variables.
CONCLUSIONS: Although patients with MMC were more disabled than
those with OTSB, perceived competence was not better in the latter
group. Therefore, health care professionals should not mainly focus
their attention on more disabled patients with MMC.
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INTRODUCTION
Spina bifida is a complex congenital disorder that represents a broad
spectrum of neural tube defects, including spina bifida aperta and
occulta. Spina bifida aperta includes myelomeningocele (MMC), the
most common and more serious defect, and meningocele. In MMC,
both spinal cord and brain are often malformed, resulting in serious
locomotion problems, hand function problems, bladder and bowel
incontinence, as well as cognitive dysfunction [1-4]. In occult forms of
spina bifida, representing disorders of the caudal neural tube forma-
tion, function is often normal at birth, but during life, progressive
locomotion problems or bladder and bowel dysfunction may occur,
due to spinal tethered cord syndrome. These progressive problems
might have impact on the quality of life in patients with occult forms
of spina bifida as well as in patients with MMC [5,6].
The functional consequences of spina bifida can be displayed using
the ‘disablement process’ as described by Verbrugge and Jette [7] con-
sisting of four different domains: ‘pathology’, ‘impairments’, ‘func-
tional limitations’ and ‘disability’. There are several factors that might
influence the outcome of this pathway, such as intra-individual factors
(coping, life style, self-esteem), extra-individual factors (medical care,
rehabilitation) and risk factors (environment, predisposition). This
model has a lot in common with the most recent International
Classification of Functioning, Disability and Health (ICF) designed by
the World Health Organization (WHO) [8].
Most outcome studies focus on neurological outcome (parameters on
organ level), while the impact of spina bifida on personal level (‘func-
tional limitation’/‘activities’) and social level (‘disability’/‘partici-
pation’) is of major importance. Recently, some studies have been
published on ‘disability’ and ‘health related quality of life’ (HRQL) in
children with spina bifida [9,10]. However, the numbers in one of
these series are small (n = 12) [9]. Moreover, in these series, patients
23
CHAPTER 2
with MMC are not clearly differentiated from those with other types of
spina bifida (OTSB) [9,10].
The aim of this study was to investigate outcome in the different
domains of the ‘disablement process’, in a cohort of Dutch children
with MMC, as well as those with other types of OTSB. Additionally,
within the MMC group, we compared outcome in children with and
without hydrocephalus. Moreover, we investigated associations within
the ‘disability process’ domains, with special emphasis on ‘impair-
ments’, ‘functional limitations’, ‘disability’, perceived competence and
HRQL.
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METHODS
The study group consisted of children, aged 1 to 18 years who have
been followed-up in the outpatient spina bifida clinic of the
Wilhelmina Children’s Hospital. Participants included those with a
diagnosis of spina bifida aperta (MMC or meningocele) and those
with spina bifida occulta (lipomyelomeningocele, split cord malforma-
tion, lipomas of the conus or filum). Patients with cervical
(myelo)meningocele, encephalocele, or cord traumas were excluded.
Non-Dutch speaking patients were also excluded. One hundred and
eighty-nine patients met the inclusion criteria, and 177 were willing to
participate in the study (response rate 94%), carried out from January
1999 to September 2001. As most outcome studies often focus on
patients with MMC only [1-4], we divided the different types of spina
bifida into two groups, MMC (n = 122) and OTSB (n = 55). The
Medical Ethics Committee of our hospital approved the protocol of
this descriptive, cross-sectional study. Informed consent was obtained
from the parents and from the patients themselves if they were older
than 12 years of age.
Data were obtained by physical examination, and during a face-to-face
structured interview with regard to functional abilities, perceived com-
petence and health related quality of life. All measurements were per-
formed by the same experienced paediatric physiotherapist (MS).
Parents were questioned about the age of independent walking and
the type of school (regular or special) their child attended.
Measurements with regard to ‘pathology’
Data concerning the presence of shunted hydrocephalus, the presence
of Chiari II malformation, the presence of corpus callosum aplasia or
dysplasia, the position of the conus, the presence of lipomas or
hydromyelia, were obtained from the medical records.
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Determination of the neurosegmental motor level was based on muscle
strength of the lower extremities as described by McDonald et al. [11].
Measurements with regard to ‘impairments’
Information on mental status, such as Intelligence Quotients (IQs)
(WISC-R) in children older than 4 years, was obtained from the psy-
chological records.
Range of motion in lower extremities was measured in a standardised
way with a two-legged 360-degrees goniometer, and compared to ref-
erence values for children [12]. The percentages of range of motion-
loss were assessed on a 5-point scale according to Spiegel et al. [13].
Range of motion-loss of 5% or more in one or both extremities was
defined as a contracture.
Muscle strength of lower extremities was graded 0-5, according to the
standard Manual Muscle Testing (MMT) as described by Daniel’s &
Worthingham [14]. Muscle grading on a 6-point scale is not reliable,
in children under the age of five years. Therefore, in these patients
strength was graded as absent, weak, and full strength, as advocated
by McDonald et al. [15]. Children with full strength or grade 5 were
classified as having normal muscle strength.
Measurements regarding ‘functional limitations’, ‘disability’,
perceived competence, and quality of life
Ambulation level was modified from Hoffer et al. [16] and documented
in children older than 2.5 years of age. In Hoffer’s description,
patients with normal ambulatory skills are not distinguished from
community walkers (walking with or without crutches or braces and
may use a wheelchair for long distances). This difference was consid-
ered clinically important, and we described patients who walked with-
out the use of aids as ‘normal ambulant’.
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Functional abilities and the amount of caregiver assistance were
scored using the Dutch version of the ‘Pediatric Evaluation of
Disability Inventory’ (PEDI) [17,18]. The PEDI is a validated and reli-
able parental questionnaire which measures functional skills (FS) and
caregiver assistance (CA) in three domains: self-care (including blad-
der and bowel management), mobility and social function. Reference
values are provided for children between 0.5-7.5 years. Normal values
are defined in the range of 2 SD (50 ± 20). In children > 7.5 years of
age, results were calculated as a scaled score. In healthy children > 7.5
years of age, all functional skills should be mastered leading to a score
of 100, which was considered to be normal.
Perceived competence was measured with the Dutch versions of the
Harter Self-Perception Profile for Children (SPPC: 8-12 years) and
Adolescents (SPPA: > 12 years) [19-20]. In young children (4-8 years)
the Dutch version of the Pictorial Scale of Perceived Competence and
Social Acceptance for young children was used (PSPC) [21]. These
instruments measure the rate of competence that children and adoles-
cents perceive their cognitive, physical and social function. Perceived
competence was measured in children with IQs > 70. Items are
scored on a four-point scale (1-4). A higher score on a subscale means
a higher perceived competence in this area. For the purposes of the
analyses of associations with disability and HRQL, we pooled the sub-
scales into a total mean score of perceived competence.
Quality of life was measured with a Dutch-translation of the ‘Spina
Bifida HRQL Questionnaire’ [22]. This instrument is a disease specif-
ic and age-related instrument for children and adolescents with spina
bifida from 5 to 20 years of age. For children aged 5-12 years the ques-
tionnaire is designed as a proxy report, whereas adolescents aged 13-18
years completed the questionnaire by themselves. In children with an
IQ below 70 the questionnaire was also used as a proxy report.
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Statistical analysis
For comparison of subgroups we used Chi-square test (or Fisher’s
exact test when appropriate), if the variables were dichotomous. The
Mann-Whitney non-parametric test was used for group comparison of
mean scores. The Spearman rank-order or Pearson product moment
correlation coefficient was used to assess the correlation between
PEDI-scores, perceived competence and HRQL. Differences with p-
values < 0.05 were considered statistically significant. Descriptive
analysis was performed with the Statistical Package of the Social
Sciences (SPSS 9.0).
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RESULTS
Patient characteristics are listed in Table 1. We found no significant
difference in age and gender between patients with MMC and those
with OTSB.
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Table 1 Patient characteristics.
Number 
n = 177
Types of spina bifida 
- myelomeningocele (MMC) (%) 122 (69)
HC+ (%) 97 (80)
HC- (%) 25 (20)
- meningocele (OTSB) (%) 9 (5)
HC+ (%) 3 (33)
HC- (%) 6 (66)
- lipomyelomeningocele (OTSB) (%) 18 (10)
- other types of occult spinal dysraphism (OTSB) 28 (16)
Male: female ratio (%) 75:102 (42:58)
Age in years
- Mean (SD) 8.2 (5.2)
- Range 1.0 -18.8 
Age distribution
- 1-3.9 years (%) 49 (28)
- 4-7.9 years (%) 45 (25)
- 8-12.9 years (%) 42 (24)
- 13-17.9 years (%) 41 (23)
Abbreviations: MMC = myelomeningocele, HC+ = with shunted hydrocephalus, 
HC- = without hydrocephalus, OTSB = other types of spina bifida, SD = standard deviation.
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Table 2 Patient numbers and percentages with regards to the ‘pathology’ domain of the ‘disablement  
process’, in patients with myelomenigocele (with and without hydrocephalus) compared to 
those with other types of spina bifida.
MMC OTSB MMC MMC
HC+ HC-
n = 122 (%) n = 55 (%) p-value n = 97 (%) n = 25 (%) p-value
HC+ 97 (80) 3 (5) < 0.001 _ _ _
- shunt revisions 63 (65) 0 63 (65) _
Epilepsy 16 (13) 0 0.007 15 (16) 1 (4) 0.19 ns
Chiari II malformation 94 (77) 1 (2) < 0.001 79 81) 15 (60) 0.003
- decompression 5 (5) 1 (2) 5 (6) 0
- tracheostomy 2 (2) 1 (2) 2 (3) 0
Corpus callosum
- mv (n=39) 35 4 28 7
- aplasia 9 (10) 2 (4) < 0.001 9 (13) 0 < 0.001
- dysplasia 54 (62) 4 (8) < 0.001 47 (68) 7 (39) < 0.001
Conus below L2) 72 (85) 45  (82) 0.65 ns 53 (82) 19 (95) 0.14 ns
- mv (n=37) 37 0 32 5
Lipomas 20 (24) 30 (55) < 0.001 14 (22) 6 (30) 0.44 ns
- mv (n=37) 37 0 32 5
Retethering 10 (8) 12 (22) 0.01 8 (8) 2 (8) 1.0 ns
Hydromyelia 23 (26) 10 (19) 0.30 ns 21 (31) 2 (10) 0.052 ns
- mv (n=35) 34 1 30 4
Lesion level < 0.001 0.005
- TH12 25 (21) 0 23 (24) 2 (8)
- L1-L3 26 (21) 0 21 (22) 5 (20)
- L4 23 (19) 6 (11) 21 (22) 2 (8)
- L5 22 (18) 3 (5) 17 (17) 5 (20)
- below S1 15 (12) 12 (22) 11 (11) 4 (16)
- no loss LE 11 (9) 34 (62) 4 (4) 7 (28)
Abbreviations: MMC = myelomeningocele, OTBS = other types of spina bifida, HC+ = with shunted hydrocephalus, 
HC- = without hydrocephalus, ns = not significant, mv = missing values, LE = lower extremities.
Results with regard to the ‘pathology’ domain are shown in Table 2. In
patients with MMC and shunted hydrocephalus, 65% (63/97) needed
revision of their shunt, with a mean number and standard deviation
(SD) of 1.6 (2.5), ranging from 1 to 17. The percentage of patients with
Chiari II malformation or corpus callosum aplasia or dysplasia was
significantly higher in those with MMC and hydrocephalus than in
those without hydrocephalus. Lipomas and retethering were signifi-
cantly more frequently seen in patients with OTSB than in those with
MMC. The OTSB group included 18 patients with lipomyelo-
meningocele, and 12 out of the remaining 37 patients with OTSB also
had lipomas. Symptoms of retethering were mostly seen in patients
with lipomyelomeningocele, 50% (9/18) compared to 8% (3/37) of the
remaining patients in the OTSB group. The percentage of patients
with high lesion levels (above L4) was significantly higher in patients
with MMC and hydrocephalus than in those without hydrocephalus or
other OTSB.
Results regarding ‘impairments’ are listed in Table 3. The percentage
of patients with lower IQs was higher in those with MMC and shunt-
ed hydrocephalus, than in those without hydrocephalus. The mean
IQ (SD) of patients with MMC, with and without hydrocephalus, was
80.7 (18.1) and 96.2 (23.4) respectively. The mean IQ (SD)of patients
with OTSB was 98.8 (12.4). We found that 46% (56/122) of the chil-
dren in the MMC group visited special schools. Although not statisti-
cally significant, the percentage was higher in those with shunted
hydrocephalus than in those without, 50% (48/97) compared to 32%
(32/35). The percentage of patients with contractures or abnormal
muscle strength of lower extremities (MRC < 5) was significantly
higher in patients with MMC and hydrocephalus than in those with-
out hydrocephalus or OTSB. In the OTSB group, contractures were
only seen in the feet, whereas patients with MMC showed hip and
knee contractures as well, 21% (25/122) and 27% (33/122) respectively.
Muscles innervated from the lower lumbo-sacral segments (hip
abductor-, hip extensor- and calf muscles) showed weakness in 24 to
33% of the OTSB group, compared to 79 to 91% in the MMC group.
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Table 3 Patient numbers and percentages regarding ‘impairments’, in patients with myelomenigocele 
(with and without hydrocephalus), compared to those with other types of spina bifida.
MMC OTSB MMC MMC
HC+ HC-
n = 122 (%) n = 55 (%) p-value n = 97 (%) n = 25 (%) p-value
Mental status
- mv (n=49) 40 9 20 8
- IQ < 80 34 (41) 5 (11) 0.01 32 (42) 2 (12) 0.02
Contractures LE 63 (52) 16 (29) 0.005 55 (57) 8 (32) 0.03
Abnormal 
muscle strength (<5)
- mv (n=1) 1 0 1 0
- hip flexors 57 (47) 3 (6) < 0.001 50 (52) 7 (28) 0.03
- hip abductors 96 (79) 13 (24) < 0.001 82 (85) 14 (56) 0.001
- hip extensors 105 (87) 13 (24) < 0.001 50 (52) 7 (28) 0.03
- knee extensors 53 (44) 2 (4) < 0.001 47 (49) 6 (24) 0.03
- knee flexors 76 (63) 7 (13) < 0.001 65 (68) 11 (44) 0.03
- ankle dorso-flexors 84 (69) 12 (22) < 0.001 72 (86) 12 (48) 0.009
- ankle plantar-flexors 110 (91) 18 (33) < 0.001 94 (98) 16 (64) < 0.001
Abbreviations: MMC = myelomeningocele, OTBS = other types of spina bifida, HC+ = with shunted hydro-
cephalus, HC- = without hydrocephalus, mv = missing values, IQ =  intelligence quotient, LE = lower extremities.
Results regarding ‘functional limitations’, ‘disability’, perceived com-
petence and HRQL are listed in Table 4. In children who were old
enough to ambulate (> 2.5 yrs), 38% percent of patients with MMC
were functional walkers (normal or community) compared to 97% of
those with OTSB. Within the MMC group functional ambulation was
seen in 30% of the patients with hydrocephalus, compared to 73% in
those without hydrocephalus. The mean age (SD)  for walking inde-
pendently was 32 (19.1) months  in patients with lumbosacral MMC
and 20 (9.6) months  in those with OTSB. The percentage of patients
with deviant PEDI-scores on functional skills and caregiver assistance
was significantly higher in the MMC group than in the OTSB group,
for all PEDI domains. Of the total group of patients, 36% (64/177) was
completely independent (normal scores on caregiver assistance). The
remaining 64% (113/177) needed some kind of caregiver assistance,
especially regarding self-care, mainly concerning bowel and bladder
management, even in non-MMC patients. Seventy-one percent
(126/177) of the patients were on intermittent catheterization and 43%
(76/177) needed colon enemas, for faecal continence.
We found no significant differences in perceived competence between
these groups, nor within the MMC group (Table 4). Mean scores on
the different subscales of perceived competence are shown in Figure
1a-c. There were no significant differences between the different types
of spina bifida, in any of the subscales in the different age groups. The
percentage of patients with lower scores (< P50) on HRQL was signifi-
cantly higher in patients with MMC than in those with OTSB. Mean
scores (SD) on HRQL were significantly lower in the MMC group
compared to the OTSB, 165 (24.1) in MMC compared to 197.5 (19.8)
in OTSB for children ≤ 12 years (p < 0.001), and 187.6 (18.9) in MMC
compared to 200.7 (20.8) in OTSB for children > 12 years (p = 0.01)
respectively.
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Table 4 Patient numbers and percentages regarding ‘functional limitations’, ‘disability’, perceived
competence and quality of life in patients with myelomenigocele (with and without hydro-
cephalus) compared to those with other types of spina bifida.
MMC OTSB MMC MMC
HC+ HC-
n = 122 (%) n = 55 (%) p-value n = 97 (%) n = 25 (%) p-value
Ambulation level < 0.001 0.007
- mv: too young  (n=23) 19 4 16 3
- normal 21 (20) 37 (73) 12 (15) 9 (41)
- community 19 (18) 12 (24) 12 (15) 7 (32)
- household 13 (13) 2 (4) 13 (16) 0
- exercise 7 (7) 0 7 (9) 0
- wheelchair 43 (42) 0 37 (45) 6 (27)
Deviant PEDI-scores FS
- self-care 72 (59) 17 (31) < 0.001 60 (62) 12 (48) 0.20 ns
- mobility 93 (76) 15 (27) < 0.001 79 (81) 14 (56) 0.004
- social function 53 (43) 11 (20) 0.002 45 (46) 8 (32) 0.19 ns
Deviant PEDI-scores CA
- self-care 85 (70) 28 (51) 0.01 72 (74) 13 (52) 0.03
- mobility 67 (55) 7 (13) < 0.001 58 (60) 9 (36) 0.02
- social function 32 (26) 4 (7) 0.003 28 (29) 4 (16) 0.19 ns
Perceived competence 
- mv: (n=72) 57 15 47 10
(incl. too young n=58)
- total score (< 2.5) 10 (15) 6 (15) 0.96 ns 7 (14) 3 (20) 0.69 ns
HRQL (below P50) 49 (63) 6 (15) < 0.001 40 (66) 9 (53) 0.34 ns
- mv: too young (n=58) 44 14 36 8
Abbreviations: MMC = myelomeningocele, OTBS = other types of spina bifida, HC+ = with shunted hydrocephalus,
HC- = without hydrocephalus, mv = missing values, ns = not significant, PEDI = Pediatric Evaluation of Disability
Inventory, FS = functional skills, CA = caregiver assistance, HRQL = health related quality of life.
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1 = scholastic competence
2 = social acceptance,
3 = athletic competence
4 = physical appearance
5 = romantic appeal
6 = behavioral conduct
7 = friendship
8 = global  self-worth
9 = total score  
1 = scholastic competence
2 = social acceptance
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6 = global  self-worth
7 = total score
1 = cognitive competence
2 = peers acceptance
3 = physical competence
4 = parental acceptance
5 = total score
 
Figure 1a-c
Mean subscale-scores of perceived competence (PSPC-, SPPC-, SPPA- score) for children with
myelomeningocele (MMC) compared to other types of spina bifida (OTSB) in three different
age groups. 
Abbreviations: PSPC = Pictorial Scale of Perceived Competence, SPPC= Self-Perception Profile
for Children, SPPA =  Self-Perception Profile for Adolescents
A
B
C
Associations within different domains of the disablement
process
We found a significant correlation between lesion level and ambulato-
ry status (rs = 0.64, p < 0.001). In Figure 2 the percentage of patients
in the MMC group and their ambulatory status at different lesion lev-
els is presented.
We also found a significant correlation between muscle strength and
ambulatory status (rs = 0.50-0.72, p < 0.001). All community walkers
had muscle strength grade 5 of hip flexor, grade 4 to 5 of hip abductor
and extensor muscles and ≥ grade 3 of ankle dorso-flexors.
Results regarding associations between perceived competence and
mental status (IQ), type of school, ambulation level, PEDI-scores, and
HRQL respectively, are shown in Table 5. A significant relation
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Figure 2
Percentage of patients with myelomeningocele (n = 103) and their ambulatory status at differ-
ent motor levels 
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Table 5 Age specific correlations of perceived competence (total scores) with 
mental status (IQ), type of school, ambulation level, scores in the 
different domains of the PEDI, and HRQL-scores.
Perceived competence TS
Numbers Spearman’s rho p-value
IQ
- 4-8 years 16 0.12 0.65 ns
- 8-12 years 22 0.03 0.94 ns
- > 12 years 44 -0.20 0.32 ns
Type of school
- 4-8 years 44 0.02 0.91 ns
- 8-12 years 19 0.17 0.50 ns
- > 12 years 42 -0.22 0.15 ns
Ambulation level
- 4-8 years 44 0.30 0.052 ns 
- 8-12 years 19 0.15 0.53 ns
- > 12 years 42 - 0.02 0.92 ns
PEDI-scores (6 domains)
- 4-8 years 28 Range -0.17 - 0.30 0.12 - 0.94 ns
- 8-12 years 18 Range -0.18 - 0.39 0.11 - 0.60 ns
- >12 years 42 Range -0.28 - 0.15 0.08 - 0.97 ns
HRQL
- 4-8 years 42 0.27 0.08 ns
- 8-12 years 18 0.25 0.32 ns
- > 12 years 36 0.37 0.03
Abbreviations: TS = total score, IQ = intelligence quotient, ns = not significant, PEDI =
Pediatric Evaluation of Disability Inventory, HRQL = health related quality of life.
between perceived competence and HRQL was only found in children
> 12 years of age. Ambulation level and HRQL in children 4 to 8 years
showed a borderline significant association with perceived compe-
tence. With the different PEDI domains, associations did not reach
the level of significance, although trends were seen in the age group
4-8 years for mobility (rs = 0.30), in the age group 8-12 years for social
function (rs = 0.39), and in children > 12 years for social function (rs =
-0.28).
The results regarding associations between HRQL, and mental status
(IQ), ambulation, and PEDI-scores respectively are shown in Table 6.
HRQL appeared to be significantly associated with ambulatory status,
functional abilities and mental status as well.
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Table 6 Age specific correlations of ‘health related quality of life’ scores with mental status (IQ), 
ambulation level, and scores in the different domains of the PEDI.
HRQL scores
Numbers Pearson correlation Spearman’s rho p-value
IQ
- ≤ 12 years 38 0.71 - < 0.001
- > 12 years 44 0.31 - 0.15 ns
Ambulation level
- ≤ 12 years 76 - 0.60 < 0.001
- > 12 years 36 - 0.42 0.01
PEDI-scores ( 6 domains)
- ≤ 12 years 95 Range 0.19 - 0.20 - 0.01 - 0.01
- > 12 years 36 Range 0.44 - 0.60 - < 0.001 – 0.008 
Abbreviations: HRQL = health related quality of life, IQ = intelligence quotient, ns = not significant. PEDI =
Pediatric Evaluation of Disability Inventory.
DISCUSSION
This study describes the problems that children with spina bifida
encounter, with special emphasis on ‘impairments’, ‘functional limita-
tions’, ‘disability’, perceived competence and HRQL. Our study sug-
gests that children and adolescents with myelomeningocele, especially
those with shunted hydrocephalus, appeared to be significantly more
impaired, to have more ‘functional limitations’ and lower scores on
health related quality of life, compared to patients with other types of
spina bifida. However their perceived competence did not differ from
those who had less ‘impairments’ and more functional abilities.
HRQL appeared to be significantly associated with ambulation level,
functional abilities and mental status, whereas perceived competence
showed no associations with most of these variables.
Regarding the ‘pathology’, the percentage of hydrocephalus and
Chiari II-malformation found in the MMC group, 80% and 77%
respectively, is in agreement with current literature [3,4,23]. Moreover,
it is an interesting finding that Chiari II malformation was also found
in 60% (15/25) of patients with MMC without hydrocephalus. This
might suggest that the Chiari II malformation is more a result of
abnormal development of the central nervous system itself, rather
than a result of the hydrodynamic theory, as described by Gardner
[24]. He suggested that overproduction of cerebrospinal fluid causes
the Chiari II malformation by pushing the cerebellar tonsils into the
upper cervical spinal canal [24,25]. In problems related to the spinal
cord, our findings are in agreement with current literature [5,6]. We
found no significant differences in the presence of a long cord (conus
below L2), or the presence of hydromyelia, in patients with MMC
compared to those with OTSB. The presence of lipomas and retether-
ing was significantly higher in the OTSB group.
With regard to mental status, we found that the IQs of children with
MMC without hydrocephalus were comparable to those with OTSB,
96.2 and 98.8 respectively, whereas children in the MMC group with
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shunted hydrocephalus had lower IQs (80.7). These findings are in
agreement with Zurmöhle et al. [26] who also found IQs of children
with MMC without hydrocephalus, to be within the normal ranges.
Over the last decade more attention has been paid to the self-concept
of children with spina bifida [26-29]. Appelton et al. described that
children with spina bifida have lower feelings of competence com-
pared to able-bodied children [28]. As we were interested in possible
differences in children with MMC and OTSB, we compared those
groups and found no significant differences in perceived competence,
in any of the subscales. These findings could be influenced by the fact
that 46% of the patients with MMC attended special schools, and
hence compare themselves with other physically disabled children.
Moreover IQs were lower in the MMC group with shunted hydro-
cephalus. Minchom et al. [27] suggested that lower IQs would have a
protective effect on global self worth. They studied the impact of
severity of ‘disability’ on self-concept in 79 young patients with spina
bifida, and found that “greater feelings of global self worth and of self
esteem in physical appearance were associated with greater severity of
disability”. This association was partially attributed to the lower IQ
scores in the more disabled children. Our data on perceived compe-
tence are partially in agreement with these findings. In children older
than 12 years, an inverse association between perceived competence
and mental status or school type was found (the higher the IQ or the
higher the school level, the lower the score on perceived competence).
Although the association did not reach the level of statistical signifi-
cance, this tendency is of clinical relevance. In contrary to Minchom et
al. [27] we found no significant associations between perceived com-
petence and the amount of ‘disability’ (PEDI-scores in different
domains). From the literature it is suggested that it is incorrect to
assume that the psychological impact is less in mildly disabled young
persons [9,27]. There is growing evidence that it might be displaced
directing resources in relationship to severity of disability. Many mild-
ly disabled children attend mainstream schools, where they might be
at risk for psychosocial problems. This is supported by the studies of
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Appelton et al. [28,29] showing that physically disabled children in
mainstream schools were in a difficult position, as they compared
themselves with healthy peers, but at the same time they felt less com-
petent and less accepted than matched able-bodied controls.
HRQL appeared to be related with perceived competence. In older
children we found that the higher the score on perceived competence,
the higher HRQL scores. In younger children the associations did not
reach a significant level. This might be due to the small sample size in
children aged between 8-12 years. HRQL was also found to be associ-
ated with ambulation level, and functional abilities (PEDI-scores).
Patients with a greater amount of ‘disability’ showed lower scores on
HRQL. This is in agreement with Padua et al. [9] who studied the rela-
tion between HRQL and ‘disability’ in 12 young patients with spina
bifida (14-18 yrs). They found lower scores on the physical aspects of
HRQL in the more disabled persons but unexpectedly for ‘the mental
aspects’ of quality of life; less ‘disability’ was associated with higher
psychological distress. With regard to the mental aspect, our data are
not completely in agreement with Padua et al. [9], as we found that
HRQL showed a positive correlation with mental status (the higher
IQ, the higher HRQL) in younger children (< 12 yrs). Our findings
might be biased by the fact that in younger children and in those with
an IQ below 70, the parents completed the questionnaires. Although
parents were instructed to respond from their child’s viewpoint,
rather than their own, the data might reflect the parent’s expectations
of their child’s HRQL. In children older than 12 years, higher scores
on IQ were not significantly associated with higher HRQL scores.
This might be due to the fact that older children with higher IQs,
might be more aware of their limitations than younger children with
lower IQs. Moreover, children older than 12 years completed the
HRQL questionnaire themselves. Therefore, the scores might reflect
more of the patient’s own perspective.
Our study has some shortcomings. We found HRQL to be significant-
ly associated with ambulation level and the amount of ‘disability’
(PEDI-scores). However, it is important to find out if these compo-
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nents are influenced by other factors. It is also necessary to find out
which factors within the ‘disablement process’ might be influenced by
physiotherapy in order to improve functional independence and quali-
ty of life. Therefore, a more detailed study on independent determi-
nants of specific aspects of the PEDI and HRQL is already in process.
Our study is a descriptive and cross-sectional study. With the
advanced medical care, more and more spina bifida patients grow into
adulthood. Associations between ‘disability’, perceived competence
and HRQL, found in children could change in time and might even
be totally different in adulthood. Therefore long-term prospective fol-
low-up studies will be needed to study the dynamics of the inter-rela-
tionship within the different ‘disablement process’ domains. This also
addresses the issue that nowadays functional abilities and HRQL are
measured in different ways around the world. Consensus on an inter-
national standard set of instruments, used for the evaluation of the
‘disablement process’ would be of great value.
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CONCLUSIONS
Although patients with myelomeningocele were found to be more dis-
abled and had lower scores on HRQL than those with other types of
spina bifida, perceived competence was not better in the latter group.
Therefore, health care professionals should not mainly focus their
attention on myelomeningocele patients with severe disabilities, espe-
cially regarding psychosocial support. This kind of support might be
needed in children with other types of spina bifida and minor disabili-
ties as well.
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ABSTRACT
OBJECTIVES: To investigate determinants of functional independence
and study which functional abilities were determinants for ‘health
related quality of life’ ( HRQL) in children with myelomeningocele.
DESIGN: Cross-sectional study by means of clinical assessment, ‘dis-
ability’ measurement, and questionnaires.
SETTING: Outpatient spina bifida clinic at a university hospital.
PARTICIPANTS: 122 children with myelomeningocele. Mean age 7.9;
range 1-18 years.
MAIN OUTCOME MEASURES: Functional independence as measured by
the ‘Pediatric Evaluation of Disability Inventory’ (PEDI), and quality
life as measured by the ‘Spina Bifida HRQL Questionaire’. Uni- and
multivariate logistic regression models were used to investigate fac-
tors that were determinants for these outcomes. Results were
expressed as odds ratios (OR) and 95% confidence intervals (CI).
RESULTS: Lesion level below L3 (OR: 0.4, CI: 0.1-1.0), mental status of
IQ ≥ 80 (OR: 4.2, CI: 1.2-14.9), having no contractures in lower
extremities (OR: 3.4, CI: 1.3-8.8), and having normal strength of knee
extensor muscles (OR: 4.1, CI: 1.4-11.5), were most strongly associated
with independence in self-care. Mental status (OR: 16.1, CI: 2.8-93.9),
having no contractures in lower extremities (OR 1.5, CI: 1.4-5.3), and
normal strength in knee extensors (OR: 11.0, CI: 1.3-97.0), were the
most important determinants for independence in mobility.
Concerning functional abilities, being independent with regard to
mobility was the most important determinant for HRQL (OR: 5.3, CI:
1.6-17.4).
CONCLUSIONS: In children with myelomeningocele, good muscle
strength, mental ability and being independent in mobility, appeared
to be much more important for daily life function and quality of life
than other medical indicators of the disorder. This information is of
clinical significance in planning a comprehensive and realistic reha-
bilitation program.
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INTRODUCTION
Spina bifida is a complex congenital disorder that represents a broad
spectrum of neural tube defects, including spina bifida aperta and
spina bifida occulta. The incidence varies in different parts of the
world, but is generally 0.4-1.0 per 1000 live births in the USA [1], and
a higher incidence is found in Northern Europe. In myelomeningo-
cele (MMC), the most common and more serious form of spina bifida
aperta, both brain and spinal cord are often malformed, resulting in
hydrocephalus, Chiari II malformation, muscle weakness and lack of
sensation in lower extremities, bladder and bowel incontinence, as
well as cognitive dysfunction [2-5].
The functional consequences of spina bifida can be displayed using
the disablement framework as described by Verbrugge and Jette [6],
consisting of four different domains: ‘pathology’, ‘impairments’,
‘functional limitations’ and ‘disability’. Several factors might influence
functional outcome, such as intra-individual factors (coping, life
style), extra-individual factors (medical care, rehabilitation) and risk
factors. This model has a lot in common with the most recent
International Classification of Functioning, Disability and Health
(ICF) designed by the World Health Organization (WHO) [7].
Most studies focus on the relation between ‘pathology’ and outcome.
Hydrocephalus, lesion level and presence of neural tissue in the sac,
are considered important factors that influence the functional progno-
sis of patients with spina bifida [2-5,8,9]. Hunt et al. and Bowman et
al. [2,3,5] reviewed complete cohorts of patients with myelomeningo-
cele from birth into adulthood. These important studies reflect the
results of treatment that was carried out in the sixties and seventies.
As treatment strategies change with time, ongoing research is there-
fore extremely important.
Physical therapy is a common intervention for children with spina
bifida. Traditionally, therapy sessions focussed on improvement of
muscle strength, muscle tone, and prevention of contractures, to opti-
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mize childhood development and functioning [10]. However, it is not
clear how these impairments are related to functional independence
and ‘health related quality of life’. In various other chronic diseases,
‘impairment’ parameters do not significantly correlate with functional
abilities and ‘disability’ parameters [11,12].
In this study, we investigate which factors of the ‘disability process’
domains are the most important determinants for functional inde-
pendence regarding self-care and mobility in children with
myelomeningocele. Regarding HRQL, our main interest was to find
out which functional abilities were most important determinants, in
order to find sufficient and realistic goals for physical therapy treat-
ment.
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METHODS
Patients
The study group consisted of children born between 1981-2000 (aged
1 to 18 years), who have been followed-up in the outpatient spina bifi-
da clinic of the Wilhelmina Children’s Hospital. Participants included
those with a diagnosis of spina bifida aperta (myelomeningocele).
Patients with meningocele and those with cervical (myelo)meningo-
cele, encephalocele, or cord traumas were excluded. Non-Dutch speak-
ing patients were also excluded. One hundred and thirty patients met
the inclusion criteria, and 122 were willing to participate in the study
(response rate 94%) carried out from January 1999 to September
2001. The Medical Ethics Committee of our hospital approved the
protocol of this descriptive, cross-sectional study. Informed consent
was obtained from the parents and from the patients themselves if
they were older than 12 years of age.
Procedures
From the domain of ‘pathology’, the investigated determinants for
functional independence on self-care and mobility were presence of
shunted hydrocephalus, number of shunt revisions, and lesion level.
From the ‘impairment’ domain, intelligence, contractures in lower
extremities, muscle-tone, and muscle strength from upper and lower
extremities were included. In order to find out which functions from
the domain of functional abilities might influence the quality of life in
children with myelomeningocele, we included ambulation level and
hand function as well as independence in self-care, mobility and
social function (caregiver assistance scores of the ‘Pediatric Evaluation
of Disability Inventory’ (PEDI) [1,13,14].
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Data were obtained by physical examination, and during a face-to-face
interview regarding functional abilities (PEDI-scores) and HRQL. All
measurements were performed by the same experienced pediatric
physical therapist (MS). Parents were questioned about their educa-
tional level.
Measurements with regard to ‘pathology’
Information on the presence of shunted hydrocephalus and the num-
ber of shunt revisions was obtained from the medical record.
Determination of the neurosegmental motor level was based on mus-
cle strength of the lower extremities as described by McDonald et al.
[15]. Many different systems are used to classify neurological level in
spina bifida patients, while agreement in levels from L3 and down-
wards is lacking [16]. For the purposes of the analyses, we therefore
divided the neurological level into two groups: below L3, and from L3
up to thoracic.
Measurements with regard to ‘impairments’
Information on mental status, such as Intelligence Quotients (IQs)
(WISC-R) in children older than 4 years, was obtained from the psy-
chological records. IQs ≥ 80 were considered as normal [2,3,5]. Body
weight and body height were measured, crown-to-heel for ambulators
and upper-arm span for non-ambulators.
Range of motion in lower extremities was measured in a standardized
way with a two-legged 360-degrees goniometer, and compared to 
reference values for children [17]. The percentages of range of motion-
loss were assessed on a 5-point scale according to Spiegel et al. [18].
Range of motion-loss of 5% or more in one or both extremities was
defined as a contracture.
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Muscle tone of upper extremities, trunk, and lower extremities was
scored on a 5-point scale ranging from severe hypotonia (1), mild
hypotonia (2), normal tone (3), mild hypertonia (4), to severe hyperto-
nia (5) as described by Shurtleff [19]. Both mild or severe hypotonia
and hypertonia were classified as an abnormal score.
Muscle strength of upper and lower extremities was graded 0-5,
according to the standard Manual Muscle Testing (MMT) as described
by Daniel’s & Worthingham [20]. In children under the age of 5 years,
muscle grading on a 6-point scale is not reliable. Therefore, in these
patients strength was graded as absent, weak, or full strength as advo-
cated by McDonald et al. [21]. In upper extremities, elbow flexors and
hand muscles were tested. In lower extremities, flexors, extensors and
abductors of the hip, as well as extensors of the knee and dorsal flex-
ors of the ankle joint were tested, as these muscle groups seem to cor-
relate strongly with ambulation level [15]. Children with full strength
or grade 5 were classified as having normal muscle strength.
Measurements regarding functional abilities and quality of life
Ambulatory status was modified from Hoffer et al. [22]. We grouped
patients into non-ambulators (completely wheelchair-dependent or
walking in therapeutic situations) and functional-ambulators (house-
hold or community walkers).
In children older than 4 years, hand function was measured with the
Movement Assessment Battery for Children (Movement-ABC) [23].
This instrument has been developed to evaluate gross and fine motor
function in children aged 4-12+ years. Percentile scores of the child’s
motor abilities can be compared with a normal age-matched sample of
children [23].
To evaluate the level of functional independence we used the caregiver
assistance scores of the Dutch adapted version of the PEDI [24,25].
The PEDI evaluates function in terms of capabilities (functional skills)
and performance of what the child actually does in response to the
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environment (the amount of caregiver assistance required to accom-
plish daily tasks) in three domains: self-care, mobility and social func-
tion [24]. Reference values are provided for children between 0.5-7.5
years. Normal values are defined in the range of 2 SD (50 ± 20). In
children > 7.5 years of age, results were calculated as a scaled score. In
healthy children > 7.5 years of age, all functional skills should be mas-
tered leading to a score of 100, which was considered to be normal
[25]. We defined patients with normal caregiver-assistance scores as
being functional independent. The intra-interviewer and inter-inter-
viewer reliability of the adapted Dutch version of the PEDI are excel-
lent. Intra-class Correlation (ICC) Coefficients were all but one above
0.90. The content validity and construct validity are acceptable [25].
Quality of life was measured with a Dutch-translation of the ‘Spina
Bifida HRQL Questionnaire’ [26]. This instrument is a disease specif-
ic and age-related instrument for children (5-12 years) and adolescents
(13-20 years) with spina bifida. For children, the questionnaire is used
as a proxy report, whereas adolescents complete the questionnaire by
themselves [26]. In a reference group of Canadian children with spina
bifida, the mean score (SD) was 168 (24); for adolescents the mean
score (SD) was 182 (30). Reproducibility was good (ICC = 0.78 for
children; 0.96 for adolescents). Internal consistency was good
(Cronbach’s α = 0.93 for children, and 0.94 for adolescents).
Construct validity correlations were 0.63 (children) and 0.37 (adoles-
cents) [26]. The ‘Spina Bifida HRQL questionnaire’ is not yet cross-
culturally adapted; therefore the median of our study population was
used as cut-off, to determine patients with higher or lower level of
quality of life.
Statistical analysis
Descriptive analysis (means, standard deviations; medians, P25-P75)
was used to characterize functional independence (PEDI caregiver
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assistance scores) and ‘health related quality of life’ (Spina Bifida
HRQL scores).
To identify the most important independent factors associated with
the defined outcome parameters (functional independence and
HRQL) we first conducted univariate logistic regression analysis. We
assessed whether the associations were independent of known con-
founders. Factors concerning functional independence were adjusted
for age and body mass index (BMI). Factors concerning HRQL were
adjusted for age, mental status and educational level of parents. With
regard to strength of upper and lower extremities we first looked for
the muscle group that was most strongly associated with independ-
ence in self-care and mobility. This muscle group was used for further
analysis as an indicator muscle for lower and upper extremity strength
respectively.
Next, in order to find out which was the most important determinant,
we used multivariate logistic regression models with all statistically
significant factors from the univariate analysis as independent vari-
ables, for each outcome parameter. Analysis was performed with the
Statistical Package for Social Sciences (SPSS 9.0).
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RESULTS
Patient characteristics are listed in Table 1.
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Table 1 General data and clinical characteristics of 122 children with
myelomeningocele.
Number
Age in years (SD) 7.9 (5.2)
Age distribution: - 1-3.9 years (%) 39 (32)
- 4-7.9 years (%) 25 (20)
- 8-12.9 years (%) 33 (27)
- 13-18.0 years (%) 25 (20)
males (%) 54 (44)
Body Mass Index in kg/m2 (SD) 18.4 (4.6)
Educational level of parents: 
- bachelor or university level (%) 47 (38.6)
- lower than bachelor level (%) 75 (61.4)
Shunted hydrocephalus (%) 97 (80)
Shunt revisions: - 0 (%) 40 (41)
- 1 (%) 24 (25)
- 2-4 (%) 25 (26)
- more than 4 (%) 8 (8)
Lesion level
- thoracic (%) 25 (20)
- upper lumbar (L1-L3) (%) 26 (21)
- lower lumbar (L4 –L5) (%) 45 (37)
- sacral (%) 26 (21)
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Table 1 continued.
Number
Mental status in children > 4 years a: mean IQ (SD) 83.3 (19.8)
Ambulatory status in children > 2.5 yearsb
- non-ambulant (%) 53 (52)
- functional ambulant (%) 50 (48)
PEDI
- deviant self care CA-score (%) 85 (69.6)
- deviant mobility CA-score (%) 67 (54.9)
- deviant social function CA-score (%) 32 (26.2)
≤ 7.5 years: - self care mean CA-score (SD) 30.7 (18.0)
- mobility mean CA-score (SD) 27.1 (15.7)
- social function mean CA-score (SD) 43.9 (12.6)
> 7.5 years: - self care mean CA-score (SD) 66.4 (20.5)
- mobility mean CA-score (SD) 88.9 (19.2)
- social function mean CA-score (SD) 86.1 (22.02)
Spina Bifida HRQL questionnaire in children > 5 years c
- ≤ 12 years median score (25-75th centile) 166 (151-186)
- > 12 years median score (25-75th centile) 185 (176-198)
Abbreviations: SD = standard deviation, IQ = intelligence quotient, PEDI = Pediatric
Evaluation of disability Inventory, CA = caregiver assistance, HRQL = health related quality
of life. 
a = number of valid values (n = 83); b: n =103, c: n = 73.
With regard to the muscle group most strongly associated with inde-
pendence in self-care, we found hand muscle to contribute statistically
significantly (OR: 4.4, CI: 1.5-36.2), whereas elbow flexor muscles did
not (OR: 4.6, CI: 0.6-37.8). Independence in mobility was significant-
ly associated with all lower extremity muscles groups: hip flexor mus-
cles (OR: 4.7, CI: 1.7-13.1), hip abductor muscles (OR: 6.3, CI:
1.9-29.2), hip extensor muscles (OR: 4.9, CI: 1.4-17.0), and knee
extensor muscles (OR: 4.1, CI: 1.4-11.5), and foot dorsal flexor muscles
(OR: 5.5, CI: 12.2-14.2). Multivariate logistic regression modeling indi-
cated that the odds ratio of knee extensor muscle strength remained
significant (OR: 4.2, CI: 1.4-15.1), whereas the others did not. For fur-
ther analyses, hand muscles and knee extensor muscles were used as
indicator muscles for upper and lower-extremity muscle strength
respectively.
Results regarding functional independence in self-care and mobility
are shown in Table 2. The factors from the domains of ‘pathology’ and
‘impairments’, that are univariately associated with functional inde-
pendence in self-care and mobility, after being adjusted for con-
founders (age, BMI), are shown in the middle column (univariate
analysis). The results of analyses, aimed to find out which component
from the different domains was independently associated with each of
the two outcome parameters for functional independence are present-
ed in the right column (multivariate analysis). Independence in self-
care was statistically significantly associated with lesion level, having
no contractures, mental status and muscle strength of lower extremi-
ties. From the multivariate logistic regression model, none of the odds
ratios remained significant. Independence in mobility was significant-
ly associated with hydrocephalus, lesion level, mental status, having
no contractures, muscle tone above the cele level, and muscle strength
of lower extremities. From the multivariate logistic regression model,
the odds ratios of mental status, having no contractures, and muscle
strength of lower extremities remained significant.
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Table 2 Determinants for functional independence (= normal PEDI scores on 
caregiver assistance) regarding self-care and mobility.
Univariate analysis Multivariate analysis
odds ratio (95% CI) odds ratio (95% CI)
SELF-CARE
Pathology
- non shunted hydrocephalus 3.59 (0.23 – 10.49) -
- less than two shunt revisions 1.14 (0.80 – 4.77) -
- lesion level below L3 0.37 ( 0.14 – 0.98) 1.31 (0.23 – 7.31)
Impairments
- mental status (IQ ≥ 80) 4.23 (1.20 – 14.94) 2.73 (0.75 – 9.57)
- no contractures lower extremities 3.39 (1.31 – 8.75) 2.43 (0.85 – 6.99)
- normal muscle tone above cele level 2.77 (0.94 – 8.15) -
- normal strength of knee extensors muscles 4.06 (1.44 – 11.46) 3.62 (0.63 – 20.83)
- normal strength of hand muscles 4.39 (0.53 –  36.23) -
MOBILITY
Pathology
- non shunted hydrocephalus 2.76 (1.01 – 7.56) 0.99 (0.20 – 5.00)
- less than two shunt revisions 1.36 (0.61 – 3.03) -
- lesion level below L3 0.12 (0.04 – 0.31) 0.34 (0.05 – 2.61)
Impairments
- mental status (IQ ≥ 80) 16.89 (4.24 – 67.28) 16.09 (2.76 – 93.93)
- no contractures lower extremities 3.66 (1.48 – 7.66) 1.45 (1.40 – 5.32)
- normal muscle tone above cele level 8.27 (2.73 – 25.06) 0.32 (0.05 – 1.98)
- normal strength of knee extensors muscles 13.37 (4.63 – 38.67) 10.99 (1.25 – 96.97)
- normal strength of hand muscles 35.06 (0.00 – 59.72) -
All values that are statistically significant are indicated in bold.
Abbreviations: CI = confidence interval, IQ = intelligence quotient, PEDI = Pediatric
Evaluation of Disability Inventory
Results regarding quality of life are shown in Table 3. Factors that
remained significant after being adjusted for age, mental status, and
educational level of the parents are shown in the column of univariate
analysis. HRQL was significantly associated with being functional
ambulant (household or community walker), and being independent
with regard to mobility. From the multivariate logistic regression
model, the odds ratio of being independent in mobility remained sig-
nificant.
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Table 3 Functional abilities associated with ‘health related quality of life’ (HRQL).
Univariate analysis Multivariate analysis
odds ratio (95% CI) odds ratio (95% CI)
Functional abilities
- functional ambulant 4.52 (1.01 – 20.15) 2.17 (0.76 – 6.22)
- normal hand function 7.29 (0.29 – 179.77) -
- independent in self care (normal CA-scores) 0.25 ( 0.33 – 1.90) -
- independent in mobility (normal CA-scores) 3.61 (1.33 – 40.13) 5.26 (1.59 – 17.41)
- independent in social function 
(normal CA-scores) 3.34 (0.47 – 23.79) -
All values that are statistically significant are indicated in bold.
Abbreviations: CI = confidence interval, CA = caregiver assistance.
DISCUSSION
From our study it is suggested that lesion level, mental status, contrac-
tures, and muscle strength of lower extremities particularly determine
independence in self-care. All these factors are mutually dependent.
Mental status, having no contractures, and muscle strength of lower
extremities were the most important determinants for functional
independence in mobility. With regard to HRQL, being independent
in mobility seemed to contribute more to HRQL, than other function-
al abilities such as being independent in self-care or being wheelchair-
dependent.
Knowledge of determinants of independence is of utmost importance
for treatment in order to “focus on realistic goals rather than wasting
efforts on attempting the impossible” [2]. The relation between
‘pathology’ (hydrocephalus, Chiari II malformation, lesion level) and
outcome in patients with myelomeningocele has been studied exten-
sively [2-5,8], but few has been published on the impact of ‘impair-
ments’ and ‘functional limitations’. Dahl et. al. [27] studied self-care
skills in 35 young children with myelomeningocele. They found many
of these children to be slow in the development of independence in
self-care; 60% needed moderate or maximal caregiver assistance.
Poor self-care skills were related to both the child’s function above and
below the level of the cele. Low intelligence, hypotonia above the level
of the cele, being non-ambulant and poor executive function seemed
to be significant risk factors for poor self-care skills. These results are
partially in agreement with our data. We found poor self-care skills in
69% of our patients. We also found mental status to be an important
determinant for independence in self-care, but muscle tone above the
level was not. Nevertheless, motor function below the cele level
appeared to be also important for complete independence in self-care.
With regard to mobility we found that variables in the ‘pathology’
domain such as the presence of shunted hydrocephalus, the number
of shunt revisions and lesion level seemed to be of less importance.
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Several researchers have published information on the relation
between lesion level, muscle strength and ambulatory status
[22,28,29]. The level of neurological lesion and associated strength of
lower extremity muscles are the most important factors influencing
ambulatory status. However, there is a large discrepancy in ambulato-
ry outcomes across different lesion groups. McDonald et al. [29] stud-
ied the relationship between patterns of strength and ambulation in
291 children with myelomeningocele. They reported that m. iliopsoas
strength was found to be the best predictor of ambulation with the m.
quadriceps, m. tibialis anterior, and mm. glutei also contributing sig-
nificantly. In our study the same muscle groups, particularly knee
extensors, appeared to be significantly associated with independence
in mobility, including transfers, indoor and outdoor ambulation, and
climbing stairs. This information is of clinical relevance for rehabilita-
tion interventions. We agree with McDonald et al. [29] when they rec-
ommend the use of specific patterns of lower-extremity muscle
strength, rather than lesion level, to predict walking abilities. We
found lesion level to be of less importance, than muscle strength of
lower extremities with regard to independence in mobility.
Our finding of contractures being an important determinant for
mobility is in agreement with findings of other authors [28,30]. It is
questionable to what extent contractures can be prevented or treated
by physical therapy. Often, surgical procedures are needed to restore
the congenital muscle imbalance. Further research is needed to inves-
tigate whether physical therapy programs designed to increase power
of unaffected muscles, lead to functional improvement [31]. In future
research it is important to identify relevant strength thresholds for
specific functional activities in order to create realistic rehabilitation
programs.
Regarding HRQL, our main interest was to find out which functional
abilities were most important determinants for HRQL, in order to
find sufficient and realistic goals for physical therapy treatment. From
current literature there is growing evidence that physical functioning
of patients with spina bifida, is related to HRQL [1,32,33]. Pit-Ten Cate
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et al. [32] showed that children with spina bifida had lower scores on
quality of life with regard to self-care, incontinence and mobility, com-
pared to children with hydrocephalus alone. Lesion level, type of spina
bifida, and presence of hydrocephalus itself were not significantly
related to quality of life. McCormick et al. [13] studied the impact of
caring for a child with spina bifida on family function. The impact on
the family was related less to the clinical diagnosis, than to the child’s
functioning at home. We found that being independent in mobility
seemed to contribute more to HRQL, than other functional abilities
such as being independent in self-care or being wheelchair-depend-
ent.
Our study has some limitations. Regarding HRQL, we focussed on
‘disability’ aspects only, but from psychosocial literature it is suggest-
ed that personal and environmental factors might be of great impor-
tance [13,14,32]. Kirpalani et al. [1] studied the influence of parental
hope on HRQL in children and adolescents with spina bifida.
Although physical functioning explained a significant proportion of
variance in HRQL, parental hope explained an additional 19 to 24% of
the variance. The study of Pit-Ten Cate et al. [32] also confirmed that
other factors than disability are associated with quality of life. They
found that severity of the condition and family resources independ-
ently predicted quality of life. Therefore, it is extremely difficult for
health professionals to predict future health related quality of life and
furthermore it is always from the outsider’s perspective. We agree
with Kirpalani et al. [1] that patients and families are the best judges of
their own quality of life. For future research, a close collaboration
between behavioral and medical researchers is needed, as it will assist
in the search for better ways to prevent disability [31].
When interpreting our findings it should be considered that in chil-
dren with spina bifida, physical and intellectual disabilities often
become more manifest when these children grow older. Realities in
adulthood might be totally different from childhood [2]. Therefore,
long-term follow-up remains important.
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Our observations, that being independent in mobility appeared to con-
tribute more to HRQL than being wheelchair-dependent, should be
kept in mind when planning a realistic rehabilitation program regard-
ing ambulation. Strategies to persist walking abilities with aids is a
common goal in physical therapy, but the use of these aids should
never disadvantage the patient in terms of independence.
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CONCLUSIONS
Our findings showed that parameters on the level of ‘impairments’
were significantly associated with ‘disability’. We found that good
muscle strength, having no contractures, and mental ability appeared
to be much more important for daily life function of spina bifida
patients than other medical indicators of disorder. Being independent
in mobility appeared to contribute more to HRQL, than being inde-
pendent in self-care or being wheelchair-dependent.
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ABSTRACT
OBJECTIVE: To investigate functional outcome in two groups of chil-
dren with sacral level paralysis: myelomeningocele (MMC) versus
lipomyelomeningocele (LMMC). Additionally both groups were com-
pared to each other and when possible with reference values.
DESIGN: Cross-sectional study by means of (1) clinical assessment, and
(2) disability measurement.
SETTING: Spina bifida outpatient clinic at a university hospital in the
Netherlands.
SUBJECTS: Sample of 30 children with MMC, and 14 with LMMC.
Mean age (SD) 6.0 (4.9) and 8.4 (4.9) years respectively.
MAIN MEASURES: Muscle strength, ambulation level, motor perform-
ance (BSID and Movement- ABC), and the ‘Pediatric Evaluation of
Disability Inventory’ (PEDI).
RESULTS: The majority of patients in both groups were normal ambu-
lant, 14/21 (67%) in MMC and 9/14 (64%) in LMMC. Ambulation
was strongly associated with muscle strength of hip abductors (odds
ratio [OR]: 13.5, 95% confidence interval [CI] 2.5-73.7), and ankle dor-
sal-flexor muscles (OR: 110, CI: 8.9-135.9). No significant differences
where found in lesion and ambulation level. Muscle strength and
motor performance were significantly lower in the MMC group than
in the LMMC group (p < 0.05). PEDI-scores were comparable in both
groups. Most problems were noted in mobility skills and caregiver
assistance in self-care, especially regarding bladder and bowel man-
agement.
CONCLUSIONS: Gross motor and functional problems were seen in
both groups. The MMC group showed more muscle weakness and
motor problems. However, in both groups caregiver assistance was
needed for a prolonged period, especially regarding bladder and bowel
management. These findings need special attention, particularly in
children who attend regular schools.
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INTRODUCTION
Approximately 20% of all myelomeningoceles occur at the sacral level.
The majority of patients with sacral level lesions are community walk-
ers, and supposed to have fewer complications compared to high level
lesions [1]. Therefore health care professionals tend to focus their
research attention on the more disabled patients with spina bifida.
Over the last decade, few studies have reported on problems in
patients with sacral level paralysis [1,2]. It has been suggested that
infants with myelomeningocele at the sacral level have an early gross
motor developmental delay, associated with abnormalities in postural
control. It is not clear to what extent this delay can be attributed to the
spinal cord lesion, or to abnormalities of the brainstem or cerebellum
secondary to hydrocephalus and Chiari II malformation, often being
present in patients with myelomeningocele [2].
It has also been reported that patients with sacral level lesion often
have a decline in ambulatory skills in the long-term [1,3]. These 
problems are seen in patients with lipomyelomeningocele as well as
patients with myelomeningocele. In contrast to patients with
myelomeningocele, there is only involvement of the spinal cord in
those with lipomyelomeningocele. The cord is often elongated and
tethered due to intradural lipomas in the lumbosacral region [4,5].
It has been suggested that children with sacral level paralysis might be
more impaired psychosocially. Not only do they have a difficulty fitting
in with their healthy peers, but they do not fit in with more severely
disabled children either [6].
Research data are scarce about functional outcome in children with
sacral level spina bifida. This information is important for planning
comprehensive care for these children. Therefore, the aim of this
study was to investigate muscle strength, ambulation level, motor per-
formance, and functional outcome regarding self-care, mobility and
social function, in two groups of children with sacral level spina bifi-
da. We compared the outcome of children with myelomeningocele
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(MMC), who all had hydrocephalus and Chiari II malformation, to
those with lipomyelomeningocele (LMMC), without these central
nervous system abnormalities. In addition, each group was compared
with reference values of the normal population regarding motor per-
formance and functional outcome.
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METHODS
Patients
The study group consisted of children diagnosed with MMC or
LMMC, who were followed-up in the outpatient spina bifida clinic of
the Wilhelmina Children’s Hospital. Participants included those with
paralysis from the S1 level or below, aged between 0-18 years. Non-
Dutch speaking patients were excluded. Forty-four patients met the
inclusion criteria, and participated in the study, carried out between
January 1999 to January 2001. The Research and Medical Ethics
Committee of our hospital approved the protocol of this descriptive,
cross-sectional study. Informed consent was obtained from all the par-
ents.
Methods
Data were obtained by physical examination, and during a face to face
structured interview with regard to functional abilities. All measure-
ments were performed by the same experienced paediatric physio-
therapist (MS). Data concerning the presence of shunted hydro-
cephalus, the presence of Chiari II malformation, mental status and
lesion level, were obtained from the medical records. Muscle strength,
ambulation level, motor performance, and functional abilities were
measured, and compared to reference values of the normal popula-
tion.
Muscle strength of lower extremities was graded 0-5, according to the
standard manual muscle testing (MMT) as described by Daniel’s &
Worthingham [7]. Inter-tester reliability is poor with coefficients rang-
ing from 0.11-0.58. Intra-tester reliability ranges from 0.65 to 0.93 for
different muscles groups, and from 0.80 to 0.99 for different muscle
strength grades. Grades in the gravity eliminated position (< 3) have
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the highest reliability values [8]. MMT appears to be less specific for
scores ≥ 4 [9]. Muscle grading on a 6-point scale is less reliable in chil-
dren under the age of five years. Therefore, in these patients strength
was graded as absent, weak, and full strength, as advocated by
McDonald et al. [10]. The following muscles were tested: flexors, -
extensors and abductors of the hip, knee extensors and dorsal- and
plantar-flexors of the ankle joint.
Ambulation level was defined according to Hoffer et al. [11] and docu-
mented in children older than 2.5 years of age. The scoring was adapt-
ed for patients with completely normal ambulatory skills. In Hoffer’s
description, patients with normal ambulatory skills (walking without
crutches or braces) are not distinguished from community walkers
(walking with or without crutches or braces and may use a wheelchair
for long distances). This difference was considered clinically impor-
tant, and we described patients who walked without the use of aids as
‘normal ambulant’.
Motor development in infants was measured with the Dutch version
of the Bayley Scales of Infant Development (BSID) [12]. The motor
scale of the BSID allowed measurement of the acquisition of specific
gross motor, fine motor and adaptive skills. Normal values are provided
for infants from 2 to 30 months of age, and defined in the range of 2
SD (100 ± 32). Gross and fine motor performance in children from
four years of age was measured with the Movement Assessment
Battery for Children (Movement-ABC) [13].This instrument has been
developed to evaluate gross and fine motor function in children aged
4-12+ years. A score below the 5th centile indicates that the child has
significant movement difficulties. The test-retest reliability is 0.75 and
the inter-rater reliability ranges from 0.70 to 0.89. The concurrent
validity is 0.53 (p < 0.0001) [12].
Functional abilities were measured with the Dutch adapted version of
the ‘Pediatric Evaluation of Disability Inventory’ [14,15]. The PEDI is
based on a structured interview with parents. It evaluates function in
terms of both capabilities (functional skills) and performance of what
the child actually does in response to the environment (the amount of
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caregiver assistance required to accomplish daily tasks) in three
domains: self-care (including bladder and bowel management), mobil-
ity and social function. Reference values are provided for children
between 0.5-7.5 years. Normal values are defined in the range of 2 SD
(50 ± 20). In children > 7.5 years of age results were calculated on a
scaled score. In healthy children > 7.5 years of age, all functional skills
should be mastered leading to a score of 100, which was considered to
be normal. The intra-interviewer and inter-interviewer reliability of
the adapted Dutch version of the PEDI are excellent. Intra-class
Correlation Coefficients (ICC) were all but one, above 0.90. The con-
tent validity and construct validity are acceptable [15].
Statistical analysis
Descriptive analysis (means, standard deviations) was performed for
comparison of the scores with the normal population. The Mann-
Whitney test for independent samples (α < 0.05) and the Chi-square
test were used to analyse the differences between patients with MMC
and those with LMMC.
Using a logistic regression model we assessed the association between
ambulatory status as dependent variable and muscle strength of lower
extremities as independent variables. Analysis was performed with
the Statistical Package of the Social Sciences (SPSS 9.0).
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RESULTS
General characteristics are presented in Table 1. We found no signifi-
cant difference in age, gender, mental status, lesion level or ambula-
tion level between the MMC and the LMMC group. Both, hydro-
cephalus and Chiari II malformation were present in all patients with
MMC, and in none of the patients with LMMC. The majority of
patients in both groups were completely normal ambulant, 14/21
(67%) in the MMC group and 9/14 (64%) in the LMMC group.
The results regarding muscle strength of the lower extremities are
shown in Table 2. The mean strength of hip extensor muscles and calf
muscles in patients with MMC were found to be below grade four.
The strength of these muscles was significantly lower in the MMC
group than in the LMMC group. No significant differences were
measured between the two groups in the other lower extremity mus-
cle groups.
Normal ambulatory skills were only significantly associated with nor-
mal muscle strength hip abductors and ankle dorsal-flexors (odds
ratio [OR]: 13.5, 95% confidence interval [CI] 2.5-73.7 and OR: 110, CI:
8.9-135.9 respectively). Multivariate logistic modelling indicated that
these muscle groups were dependent of each other.
Results with regard to motor performance are presented in Table 3.
The motor scale of the BSID was performed on 16 children. Eight
children with MMC showed a significant delay in motor development.
The mean score on the BSID was significantly lower in patients with
MMC with hydrocephalus and Chiari II malformation than in those
with LMMC without these abnormalities (p = 0.007). In six patients
(three in each group), aged between 2.5-4 years, scores on motor per-
formance were missing due to lack of normative values. In the
remaining 22 children, the Movement-ABC was performed. Deviant
scores on this test were seen in 9/14 (64%) of the MMC group com-
pared to 2/8 (25%) of the LMMC group. The mean score on the
Movement-ABC was significantly lower in the MMC group than in the
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Table 1 Patient characteristics in two groups of children with sacral level paralysis 
(MMC versus LMMC).
MMC LMMC
n = 30 n = 14
Mean age in years (SD) 6.0 (4.9) 8.4 (4.9)
- range in years 1-17 1-17
Gender
- male : female (n) 14:16 8:6
Shunted hydrocephalus (n) 22 0
Chiari II malformation (n) 22 0
Mental statusa
- mean IQ (SD) 93.8 (13.0) 99.8 (7.7)
Sacral lesion 
- symmetrically (n) 24 4
- asymmetrically (n) 5 7
- no loss (n) 1 3
Ambulation level
- normal ambulant (n) 14 9
- community ambulant (n) 4 4
- household ambulant (n) 2 1
- non ambulant (n) 1 0
- too young to be ambulant (< 2.5 years) (n) 9 0
a = valid values  (children ≥ 4 years of age):  MMC n = 14, LMMC n = 8.
Abbreviations: MMC = myelomeningocele, LMMC = lipomyelomeningocele, SD = standard
deviation, IQ = intelligence quotient.
LMMC group (p = 0.004). For both motor performance tests, the
scores of the LMMC group were below the mean but within the nor-
mal ranges, whereas the scores of the MMC group were deviant on
the BSID, and borderline on the Movement-ABC. Problems with fine
motor function were only seen in the MMC group with shunted
hydrocephalus and Chiari II malformation: in 5/27 (19%). Children
who were old enough to ambulate (n = 35), showed problems with
items concerning static and dynamic balance, such as standing on one
leg, jumping, and hopping. This was seen in both groups: 21/23
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Table 2 Lower-extremity muscle strength in children with MMC versus LMMC.
MMC LMMC P- value
Muscle groups HC+ HC-
n=30 n=14
Mean muscle strength (SD)
Hip flexor muscles 4.9 (0.5) 4.9 (0.3) 0.98
Hip abductor muscles 4.5 (0.9) 4.6 (0.7) 0.59
Hip extensor muscles 3.5 (1.5) 4.4 (1.1) 0.01*
Knee extensor muscles 4.9 (0.5) 5.0 (0.0) 0.50
Ankle dorso-flexor muscles 4.4 (1.2) 4.1 (1.6) 0.49
Calf muscles 2.9 (1.5) 4.0 (1.6) 0.01*
* significant differences between MMC and LMMC: p < 0.05
Abbreviations : MMC = myelomeningocele, LMMC = lipomyelomeningocele, HC+ = with
shunted hydrocephalus, HC- = without hydrocephalus, SD = standard deviation.
(90%) in the MMC group compared to 7/12 (58%) in the LMMC
group.
Functional ability results are shown in Table 4. Deviant scores on
functional skills (FS) were most frequently seen in the mobility
domain for both groups: 15/30 (50%) in the MMC group, and 6/14
(43%) in the LMMC group. Regarding caregiver assistance (CA), in
both groups most problems were seen in the self-care domain: 14/30
(47%) in the MMC group, and 5/14 (36%) in the LMMC group.
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Table 3 Motor performance (BSID and Movement-ABC) in children with MMC 
versus LMMC.
MMC LMMC
HC+ HC-
(n=27) (n=11)
BSID
- number of cases 13 3
- number of children with deviant scores (- 2 SD) 8 -
- mean score (SD) 61.7 (22.1) 84.3 (11.2)*
Movement-ABC
- number of cases 14 8
- number of children with deviant scores (< P5) 9 2
- M-ABC mean total centile score (SD)  5.8 (7.2) 41.7 (37.6)*
Scores below the normal ranges are indicated in bold.
*significant differences between MMC and LMMC: p < 0.05
Abbreviations: BSID = Bayley Scale of Infant Development, Movement-ABC = Movement-
Assessment Battery for Children, MMC = myelomeningocele, LMMC = lipomyelomeningocele,
HC+ = with shunted hydrocephalus, , HC- = without hydrocephalus, SD = standard deviation.
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Table 4 Functional abilities (PEDI-scores) in children with MMC versus LMMC.
MMC LMMC
HC+ HC-
PEDI
- number of cases 30 14
- number (%) of patients with deviant scores on:
self-care FS 11 (37) 3 (21)
mobility FS 15 (50) 6 (43)
social function FS 7 (23) 2 (13)
self-care CA 14 (47) 5 (36)
mobility CA 9 (30) 2 (13)
social function CA 4 (13) -
Mean NS (SD) ≤ 7.5 years 
- number of cases 20 7
- self-care FS 40.2 (14.5) 41.3 (9.1)
- mobility FS 28.7 (15.5) 41.8 (11.6)
- social function FS 42.9 (10.7) 46.2 (9.8)
- self-care CA 64.0 (16.2) 69.9 (15.3)
- mobility CA 36.0 (13.9) 44.9 (15.4)
- social function CA 46.2 (8.9) 52.8 (16.1)
Mean SS (SD) > 7.5 years 
- number of cases 10 7
- self-care FS 84.6 (12.3) 93.1 (9.8)
- mobility FS 89.1 (13.5) 89.7 (12.2)
- social function FS 93.4 (8.5) 98.9 (1.8)
- self-care CA 76.2 (14.8) 88.0 (15.5)
- mobility CA 91.6 (11.6) 97.5 (6.6)
- social function CA 93.3 (10.1) 100.0 (0.0)
Abbreviations: MMC = myelomeningocele, LMMC = lipomyelomeningocele, HC+ = with
shunted hydrocephalus, HC- = without hydrocephalus, PEDI = Pediatric Evaluation of
Disability Inventory, SD = standard deviation, FS = functional skills, CA = caregiver assis-
tance, NSS = normative standard scores, SS = scaled scores.
Scores below the normal ranges are indicated in bold.
In the mean PEDI-scores (Table 4) no significant differences were
found between the MMC group with hydrocephalus and Chiari II
malformation, and the LMMC group without these abnormalities. In
children ≤ 7.5 years of age, most of the scores were below the mean
standard scores found in non-disabled children, but still within the
normal range, with the exception of mobility score in the MMC group.
Almost all scores were deviant in children > 7.5 years of age. The low-
est scores were found in self-care CA, mainly concerning items on
bladder and bowel management in both groups.
In this study-cohort, 33 patients were on Clean Intermittent
Catheterisation (CIC) (27 in the MMC group, and 6 in the LMMC
group). Nine of them were completely independent, without the need
of supervision. Their mean age (SD) was 12.7 (3.6) years. Fifteen
patients used colon enemas for faecal continence (9 in the MMC
group, and 6 in the LMMC group). Five of them were completely
independent, with a mean age (SD) of 14 (3.7) years.
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DISCUSSION
Our main interest was to investigate and compare functional outcome
in two groups of children with sacral level paralysis: myelomeningo-
cele versus lipo-myelomeningocele. Children with (lipo)myelo-
meningocele at the sacral level appeared to have significant gross
motor difficulties, mainly concerning balance, and needed caregiver
assistance for a prolonged period, especially regarding bladder and
bowel management. Muscle strength and motor performance were
significantly lower in patients with myelomeningocele and hydro-
cephalus with Chiari II malformation, than in patients with
lipomyelomeningocele without these brain abnormalities, but their
ambulation level and PEDI-scores were not significantly different.
Moreover, fine motor problems were only seen in the MMC group.
It has been suggested that 90 to 100% of patients with a sacral level
lesion are community ambulant [1,11,16,17]. Our findings are in agree-
ment with these data, as we found 31/35 (89%) of the patients to be
community or normal walkers. Moreover, we found that patients with
normal strength in hip abductors and ankle dorsal-flexors had a high-
er chance of ambulating normally without aids or braces, than those
with weakness of these muscles. These findings are in agreement
with McDonald et al. [18], who also reported on the relationship
between muscle strength and ambulation. They found grade four to
five strength of gluteal and tibialis anterior muscles to be associated
with community ambulation. In our descriptive study, we used MMT
for the evaluation of muscle strength groups in children with sacral
level paralysis. Surprisingly, we found grade four or more for most
muscle groups. In retrospect, the use of hand-held myometry might
have given more detailed information on the amount of muscle weak-
ness when compared to reference values of the normal population [9]. 
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Wolf and McLaughlin [2] studied early motor development in seven
infants with sacral level paralysis. They found a significant motor
delay in these children, increasing with age. Performance is at -1 SD at
six months and at -2.5 SD at 18 months of age. It remained unclear to
what extent the delay should be attributed to the spinal lesion or to the
abnormalities of the central nervous system, such as hydrocephalus
and Chiari II malformation, which were present in all their patients.
In our study, we included patients with hydrocephalus and Chiari II
malformation (MMC), as well as those without these central nervous
system abnormalities (LMMC) (Table 1). Although the lesion levels
were comparable in both patient groups, motor performance was sig-
nificantly lower in patients with myelomeningocele, compared to
those with lipomyelomeningocele. This might suggest that the pres-
ence of hydrocephalus or Chiari II malformation might be more
responsible for the delay than the spinal lesion itself. Although we
included more infants than Wolf and McLaughlin [2], 16 compared to
7, the number of patients in our study is still small for both patient
groups. Therefore, larger studies will be needed to test this hypothe-
sis.
Moreover, in children older than four years of age, we found motor
performance in the myelomeningocele group to be borderline, where-
as motor performance in the lipomyelomenigocele group appeared to
be within the normal range. Nevertheless, balance problems, as meas-
ured with items from the BSID and Movement-ABC, such as hopping
into squares, jumping, and standing on one leg, were seen in more
than half of them (7/12) compared to 21/23 (90%) in the
myelomeningocele group. This might interfere with regular sporting
activities, which in our experience are often limited. Whether there is
a causal link between muscle strength, static and dynamic balance
problems and its relation to limitations in regular sporting activities
needs further investigation.
Tsai et al. [19] studied functional skills in children with spina bifida
using the PEDI. Scores were below the mean standard scores found in
non-disabled children. Deviant scores were only seen in the mobility
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domain. They found lower scores in the mobility and social function
domain in children with myelomeningocele compared to those with
lipomyelomeningocele. Our data are partially in agreement with their
findings. Functional skills were found to be most deviant in the mobil-
ity domain for both groups (15/30, 50% and 6/14, 43% respectively).
Even though lower scores were found in patients with myelomeningo-
cele compared to those with lipomyelomeningocele, the differences
were not statistically significant. This might be due to the fact that
Tsai et al. [19] included patients with higher lesion levels (thoracic and
lumbar lesions). In their study, the neurological level was significantly
higher in myelomeningocele patients than in those with lipomyelo-
meningocele. In our study, the mean IQ (SD) score of myelo-
meningocele patients, was significantly higher compared to those in
the study of Tsai et al. [19], 93.8 (13.0), and 78 (23.2) respectively. This
might also explain why we did not find any significant differences in
PEDI-scores between patients with myelomeningocele and those with
lipomyelomeningocele. Tsai et al. [19] did not report on the amount of
caregiver assistance needed for daily activities. We found most deviant
scores in the domain of self-care, mainly concerning bladder and
bowel management. Only nine patients in this cohort were independ-
ent regarding their CIC or colon enemas. Most patients needed care-
giver assistance for a prolonged period.
Our study has intrinsic limitations, especially regarding motor per-
formance. The assessment of motor performance has been conducted
with two different instruments due to age difference, leading to a
small sample size in the different subgroups. Therefore, these results
should be interpreted with caution, and limits the ability to generalise
them to all children with (lipo)myelomeningocele at the sacral level. A
larger number of patients with less age difference, and a control
group are needed to address this issue. Despite these limitations, our
finding might be additional to other sparse studies that have been
reported on patients with sacral level paralysis [1,2].
In conclusion, the children with sacral level paralysis in this study had
more than minor gait disturbances. Gross motor and functional prob-
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lems, were seen in both groups. The myelomeningocele group
showed more muscle weakness and motor problems than the
lipomyelomeningocele group, but their functional abilities did not dif-
fer significantly.
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CLINICAL MESSAGE
- Most children with sacral level paralysis appeared to have gross
motor problems, more severe in myelomeningocele than in
lipomyelomeningocele.
- Both groups needed caregiver assistance for a prolonged period,
especially regarding bladder and bowel management.
- Periodic monitoring is warranted, so that appropriate intervention
can be prescribed when needed.
86
SACRAL LEVEL PARALYSIS
REFERENCES
1 Brinker MR, Rosenfield SR, Feiwell E, Granger SP, Mitchell DC, Rice JC.
Myelomeningocele at the sacral level. Long-term outcome in adults. J Bone and
Joint Surg 1994; 76(9):1293-1300.
2 Wolf LS, McLaughlin JF. Early motor development in infants with meningomyelo-
cele. Pediatr Phys Ther 1992; 4:12-16.
3 Ong LC, Lim YN, Sofiah A. Malaysian children with spina bifida: relationship
between functional outcome and level of lesion. Singapore Med J 2002; 43(1):012-
017.
4 Pierre-Kahn A, Zerah M, Renier D, Cinalli G, Sainte-Rose C, Lellouch-Tubiana A,
Brunelle F, Le Merrer M, Giudicelli Y, Pichon J, Kleinknecht B, Nataf F. Congenital
lumbosacral lipomas. Child’s Nerv Syst 1997; 13(6):298-335.
5 Calenbergh F van, Vanvolsem S, Verpoorten C, Lagae L, Casear P, Plets C. Results
after surgery for lumbosacral lipomas: the significance of early and late worsening.
Child’s Nerv Syst 1999; 15(9):439-443.
6 Holmbeck GN, Faier-Routbaum J. Spinal lesion level, shunt status, family relation-
ships, and psychosocial adjustment in children and adolescents with spina bifida
myelomeningocele. J Pediatr Psychol 1995; 20(6):817-832.
7 Hislop HJ, Montgomery JI. Daniel’s and Worthingham’s muscle testing; tech-
niques of manual examination. 6th edition Toronto (Can): WB Saunders Company;
1995.
8 Florence JM, Pandya S, King WM, Robinson JD, Baty J, Milller JP, Schierbecker J,
Signore LC. Intrarater reliability of manual muscle test (medical research council
scale) grades in Duchenne’s muscular dystrophy. Phys Ther 1992; 72(2):115-126.
9 Schwarz S, Cohen ME, Herbison GJ, Shah A. Relationship between two measures
of upper extremity strength: manual muscle test compared to hand-held myometry.
Arch Phys Med Rehabil 1992; 73:1063-1068.
10 McDonald CM, Jaffe KM, Shurtleff DB. Assessment of muscle strength in children
with myelomeningocele; accuracy and stability of measurement over time. Arch
Phys Med Rehab 1986; 67(12):855-861.
11 Hoffer M, Feiwell, Perry J, Bonnet C. Functional ambulation in patients with
myelomeningocele. J Bone Joint Surg Am1973; 55(1):137-148.
87
CHAPTER 4
12 Meulen BF van der, Smrkovski M. ‘Bayley Ontwikkelingsschaal’, Dutch translated
and adapted version of the Bayley Scales of Infant Development. Lisse (the
Netherlands): Swets & Zeitlinger; 1983.
13 Henderson SE, Sugden DA. Movement Assessment Battery for Children. United
Kingdom, Psychological Corporation; 1992.
14 Hayley SM, Coster WJ, Ludlow LH, Haltiwanger JT, Andrellos PJ. ‘Pediatric
Evaluation of Disability Inventory’ (PEDI). Development, standardization and
administration manual. Boston MA, New England Central Center Inc. and PEDI
Research Group; 1992.
15 Custers JWH: Pediatric Evaluation of Disability Inventory, the Dutch adaptation.
[Dissertation], Utrecht (the Netherlands): University Utrecht; 2001.
16 Asher N, Olson J. Factors affecting the ambulatory status of patients with spina bifi-
da cystica. J Bone and Joint Surg 1983; 65(3):350-356.
17 Findley TW, Argre JC, Habeck RV, Schmalz R, Birkebak RR, McNally MC.
Ambulation in the adolescent with myelomeningocele. I: Early childhood predic-
tors. Arch Phys Med and Rehab 1987; 68(8):512-522.
18 McDonald CM, Jaffe KM, Mosca VS, Shurtleff DB. Ambulatory outcome of children
with myelomeningocele: effect of lower-extremity muscle strength. Dev Med Child
Neurol 1991; 33(6):482-490.
19 Tsai PY, Yang TF, Chan RC, Huang PH, Wong TT. Functional investigation in chil-
dren with spina bifida - measured by the Pediatric Evaluation of Disability Inventory
(PEDI). Child’s Nerv Syst 2002; 18:48-53.
88
SACRAL LEVEL PARALYSIS
1 Department of Pediatric Physical Therapy, Wilhelmina
Children’s Hospital, University Medical Center, Utrecht, the
Netherlands
2 Rudolf Magnus Institute for Neuroscience, Department of
Neurology and Neurosurgery, Wilhelmina Children’s Hospital,
University Medical Center, Utrecht, the Netherlands
3 Department of Neurosurgery, Free University Medical Center,
Amsterdam, the Netherlands
4 Julius Center for Health Sciences and Primary Care,
Wilhelmina Children’s Hospital,  University Medical Center,
Utrecht, the Netherlands
Developmental Medicine and Child Neurology 2003, 45: 551-555.
Long-term outcome of neurosurgical 
untethering on neurosegmental motor 
level and ambulation level.
MAGC Schoenmakers1
RHJM Gooskens2
VAM Gulmans1
PW Hanlo2
WP Vandertop3
CSPM Uiterwaal4
PJM Helders1
5
ABSTRACT
AIMS: To determine long-term outcome of neurosurgical untethering
on neurosegmental motor level and ambulation level in children with
tethered spinal cord syndrome.
METHODS: Forty-four children were operated (17 males, 27 females;
mean age at operation 6 years and two months, SD 5 years). Sixteen
patients had myelomeningocele, nine had lipomyelomeningocele, and
19 had other types of spinal dysraphism. Motor level and ambulation
level were assessed before surgery and three times after (mean dura-
tion of follow-up 7 years and 1 month, SD 1 year 8 months).
RESULTS: Deterioration of motor level was seen in five of 44 patients,
36 of 44 remained stable, while improvement was seen in three of 44.
Deterioration of ambulation level was seen in five of 44 patients, and
remained stable in 26 of 44. Thirteen children of 44 were too young
to ambulate at time of operation (< 2 years and 6 months). Late deteri-
oration of motor- or ambulation level was only seen in
(lipo)myelomeningocele patients. Deterioration of ambulatory status
was strongly associated with obesity and retethering. Revision of the
initial tethered cord release was performed in nine of 44 patients,
mainly in patients with lipomyelomeningocele.
CONCLUSIONS: The results show that late deterioration and retethering
occurred in a minority of patients, mainly in lipomyelomeningocele
patients.
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INTRODUCTION
Tethered spinal cord syndrome is a descriptive term used to indicate
progressive neurological deficits in individuals with limited move-
ment of the spinal cord, usually at the caudal end of the spinal canal.
In these individuals, the cord is abnormally fastened to immovable
structures, such as lipoma, vertebra, dura, or skin. This limitation in
movement stretches the spinal cord and compromises blood supply.
Ischemic damage to the neural tissue is thought to be the main cause
of neurological deterioration [12].
With the introduction of MRI it became less difficult to recognize dif-
ferent forms of congenital and acquired spinal cord lesions as causes
of neurological deterioration. So-called primary tethered spinal cord
syndrome is seen in those with sacral agenesis, tight filum, and in
those with occult spinal dysraphism such as lipomyelomeningocele,
intradural lipoma, diastematomyelia, and dermal sinus. Secondary
tethered spinal cord syndrome includes those with spinal cord tether-
ing due to retethering of the initial closure of a myelomeningocele or
surgical corrections of other primary spinal dysraphic lesions [12].
Symptoms of tethered spinal cord syndrome can occur at any time in
the development of the child, therefore careful monitoring of urologi-
cal, neurological, and musculoskeletal status is necessary to deter-
mine the onset of symptoms [4,6,12,14]. Many studies have suggested
that neurosurgical untethering can stop neurological deterioration
[2,6,10] but mostly report on overall outcome. Few studies focus on
evaluation of individual symptoms or group of symptoms, rather than
overall outcome [4,14].
One of the major complaints of patients or parents/carers is change in
muscle activity and progressive gait disturbances [11]. Therefore, in
our prospective study, we focused on these functional aspects in our
prospective study on the long-term outcome of 44 individuals who
underwent neurosurgical correction of their tethered spinal cord. The
emphasis of this study was on neurosegmental motor level and ambu-
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lation level. In addition, we tried to gain insight into risk factors such
as deterioration of ambulation level and in the occurrence of 
retethering.
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METHOD
Participants
From January 1990 to December 1994, 73 patients underwent neuro-
surgical treatment for tethered cord syndrome at the University
Medical Center Utrecht, the Netherlands. All patients were referred
directly to the department of neurosurgery, by neurologists, or pedia-
tricians, because of problems suggestive of tethered cord. Of these
patients, 44 (17 males and 27 females) were younger than 18 years of
age and are the subject of this study. Diagnosis, symptoms, and signs
of these patients are detailed in Table 1. Informed consent was
obtained from their parents and also from the children if they were
older than 12 years of age. The Medical Ethics Committee of our hos-
pital approved the protocol of this prospective study.
Measurements
Sex, type of spinal dysraphism, presence of shunted hydrocephalus,
MRI findings, age at operation, and age at long-term follow-up were
documented. Body weight, and body length were also measured,
crown-to-heel for ambulators and upper-arm span for non-ambula-
tors. Reference values for body weight compared to length were used
to determine obesity that was present when the patients’ weight was
above the 98th centile.
Determination of the neurosegmental motor level was based on 
Manual Muscle Testing (MMT) according to Daniel’s and
Worthingham [7] of the lower extremities (muscles that were capable
of an antigravity voluntary contraction were scored grade 3 or more).
For identification of the motor level, we used the modification of tradi-
tional description of neurosegmental innervation of lower limb mus-
cles as described by McDonald et al. [11].
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Ambulation level was scored according to the criteria as described by
Hoffer et al. [8]. We adapted the scoring for patients with normal
ambulatory skills. Ambulation level was described as non-ambulant
(wheelchair-dependent), exercise ambulant (walking only in therapeu-
tic situations), household ambulant (using braces or crutches for
indoors and using wheelchair outdoors), community ambulant (ambu-
lating outdoors with or without braces but using a wheelchair for
longer distances). In Hoffer’s description, patients with complete nor-
mal ambulatory skills are not distinguished from community walkers.
We considered this an important issue to distinguish, and described
them as ‘normal ambulant’ (complete function without aids).
Neurosegmental motor level and ambulation level were assessed and
evaluated prospectively one day before surgery, and after surgery (6
weeks, 6 months, and long-term follow-up ranging from 4 to 9 years).
All measurements were performed by two well-trained and experi-
enced pediatric physical therapists.
Surgical techniques for release of the tethered cord were: (1) removal
of excessive lipomatous tissue; (2) resection of the midline bony- or
cartilaginous spur in cases of split cord malformation; (3) transsection
of the filum and (4) a duroplasty. All untethering procedures were per-
formed using standard microsurgical techniques. Intrinsic lipomas
were debulked using the microscope-mounted CO2-laser. All initial
surgical releases were performed by the same, experienced pediatric
neurosurgeon.
Diagnosis of retethering was defined as having more than one teth-
ered cord release. In our study, repeated surgery was performed on
clinical grounds if new current symptoms related to the spinal cord
dysfunction developed in the patients.
Statistical analysis
We hypothesized that age at long-term follow-up, obesity, and the
occurrence of retethering could be significant risk factors in the dete-
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rioration of ambulation level. We used univariate logistic regression
models to test these hypotheses. The same techniques were used to
analyze the occurrence of retethering as a dependent variable, and the
different forms of spinal dysraphism and age at operation as inde-
pendent variables. Analysis was performed using the SPSS ( version
9.0).
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RESULTS
Mean age at operation was 6 years and 2 months (SD 5 years). Four
patients were younger than 5 years of age at the time of operation, 38
were aged between 5 to 10 years, and two patients were older than 10
years at time of surgery. Mean age at long term follow-up was 13 years
and 7 months (SD 5 years and 6 months). The duration of long-term
follow-up ranged from 4 years and 1 month to 9 years and 5 months
(mean 7 and 1 month, SD 1 year and 8 months).
The different types of spinal dysraphism are shown in Table 1, as well
as the initial symptoms. Hydrocephalus was present in all patients
(Table 1), with myelomeningocele (n = 16): eleven of these had shunts
inserted. Within the myelomeningocele group, high level lesions
(above L4) were seen in five of 16 patiens, low lumbar lesions in six of
16, and lesions at the sacral level in two of 16 patients. Three patients 
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Table 1 Diagnosis and initial complaints at time of referral in 44 patients with tethered cord syndrome. 
Diagnosis Pain Progressive Progressive Progressive Combination Profylactic
neurological orthopedic urological TCR
loss deformities problems
Meningomyelocele (n=16) 2 3 2 3 6 -
Lipomyelomeningocele (n=9) - - 2 3 4 -
Other types of spinal dysraphism 
- Filum terminale lipoma (n=8) 1 - 2 1 3 1
- Tight filum terminale (n=4) 3 - - - 1 -
- Split cord malformation (n=2) - - 1 - 1 -
- Sacrum dysgenesis (n=4) 1 - 1 1 1 -
- Meningocystocele (n=1) - - - - - 1
Abbreviations: TCR = tethered cord release
had no loss of lower-extremity muscle strength. Forty-two patients
underwent neurosurgical untethering because they presented with
signs of a symptomatic tethered cord, such as pain or deterioration of
the existing urinary or neurological status. Two patients had asympto-
matic tethered cord: one was operated for mid-cervical meningocele,
which proved to be a meningomyelocystocele, the other patient had a
lumbosacral dimple in the midline and lipomatous filum terminale.
In these patients prophylactic untethering was carried out in order to
prevent expected clinical deterioration. At long-term follow-up, all
these patients were still asymptomatic.
The immediate postoperative complications we observed, were leak-
age of cerebrospinal fluid through the wound (six patients), and
superficial wound infection (one patient).
Data concerning MRI findings in the different types of spinal dys-
raphism are shown in Table 2. Nine of 44 patients had a normal posi-
tion of the conus, above the second lumbar vertebra (L2) [15]. Their
cord was tethered due to lipoma, fatty tissue in the fila, or bony struc
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Table 2 MRI findings of 44 children who underwent neurosurgical  untethering.
Diagnosis MRI findings
Conus at Presence  Syrinx
normal level of lipomas
Meningomyelocele (n=16) - 4 1
Lipomyelomeningocele (n=9) - 9 1
Other types of spinal dysraphism 
- Filum terminale lipoma  (n=8) 2 8 1
- Tight filum terminale (n=4) 4 - 1
- Split cord malformation (n=2) 1 - -
- Sacrum dysgenesis (n=4) 1 2 1
- Meningocystocele (n=1) 1 - 1
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tures. In 23 of 44 of the patients, lipomas were present. Syringomyelia
was seen in five patients and it was small in all cases. Four patients
had both lipoma and syringomyelia.
Data concerning neurosegmental motor level before and ≥ 4 years
after surgical intervention are presented in Table 3. In none of the
patients did neurosegmental motor level change 6 weeks or 6 months
after surgery compared to the preoperative situation. Late deteriora-
tion of neurosegmental motor level (≥ 4 years after surgical interven-
tion) was seen in five patients; two of them had lipomyelo-
meningocele and three had myelomeningocele with intradural lipo-
mas. Improvement of neurosegmental motor level was seen in three
children, all of them had myelomeningocele. In 36 of 44 of the chil-
dren, neurosegmental motor level remained stable during the entire
follow-up period.
Data concerning pre- and late postoperative ambulation level (≥ 4
years after surgical intervention) are listed in Table 4. In all patients, 6
weeks to 6 months after surgery, ambulation level remained stable
compared with the preoperative situation. Late deterioration of the
ambulatory status was seen in five patients; three of them had
lipomyelomeningocele and two myelomeningocele with intradural
lipomas. In 26 of the 44 patients ambulation remained stable during
the entire follow-up period. Thirteen children were too young to
ambulate at time of operation (< 2 years and six months). In the long-
term, four of the patients became community ambulant, they all had
lipomyelomeningocele. In two of these children, ambulation level was
normal half a year after operation (at the age of 2 years and 6
months), but it deteriorated in the long-term and they became com-
munity ambulators. All other children younger than 2 years and 6
months of age (n = 9) at time of operation, developed normal walking
abilities that remained stable during the entire follow-up.
Obesity and retethering were strongly associated with deterioration of
ambulatory status, whereas age at long-term follow-up had no statisti-
cally significant influence (Table 5).
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Table 3 Motor level before and ≥ 4 years after neurosurgical untethering in 
patients with myelomeningocele,  ipomyelomeningocele and other types 
of  spinal dysraphism.
Number Motor level Motor level 
Pre-surgery Post-surgery
Myelomeningocele 
Deterioration (n=3) 1 L1 – L3 T12
1 L5 – S1 L1 – L3
1 L5 – S1 L4 – L5
Stabilization (n=10) 2 ≥ T12 =
2 L1 – L3 =
2 L5 – S1 =
1 <S2 =
3 no loss =
Improvement (n=3) 2 L5 – S1 < S2
1 < S1 no loss 
Lipomyelomeningocele 
Deterioration (n=2) 2 L5 – S1 L4 – L5
Stabilization (n=7) 1 L4 – L5 =
1 L5 – S1 =
1 < S1 =
4 no loss =
Other types of spinal dysraphism 
Stabilization (n=19)
Filum terminale lipoma 1 L5 – S1 =
1 < S1 =
6 no loss =
Tight filum terminale 4 no loss =
Split cord malformation 2 no loss =
Sacrum dysgenesis 1 L4 – L5 =
1 S1 – S2 =
2 no loss =
Meningocystocele 1 no loss =
Abbreviations: = : pre surgery level is not different from post surgery level
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Table 4 Ambulation level before and ≥ 4 years after neurosurgical untethering in patients with 
myelomeningocele, lipomyelomeningocele and other types of spinal dysraphism.
Number Ambulation level Ambulation level
Pre-surgery Post-surgery
Myelomeningocele (n=16)
Deterioration (n=2)
1 household walker therapeutic walker
1 community walker household walker
Stabilization (n=14) 4 wheelchair-dependent =
1 household walker =
9 normal walker =
Lipomyelomeningocele (n=9)
Deterioration (n=3) 3 normal walker community walker
Stabilization (n=1) 1 normal walker =
1 too young normal walker
4 too young community walker
Other types of spinal dysraphism (n=19)
Stabilization (n=11)
Filum terminale lipoma 2 community walker = 
5 normal walker =
1 too young normal walker
Tight filum terminale 4 normal walker =
Split cord malformation 2 too young normal walker
Sacrum dysgenesis 4 too young normal walker
Meningocystocele 1 too young normal walker
Abbreviations:  = : pre surgery level is not different from post surgery level
During long-term follow-up (ranging from 4 to 9 years), 44 children
underwent a total of 57 untethering operations. Thirty-five patients
had a single untethering procedure. Revision of the initial tethered
cord release was seen in nine of 44 of the patients. Five patients had
lipomyelomeningocele, three had myelomeningocele, and one had
filum terminale lipoma. In the patients with lipomyelomeningocele,
two patients required three releases, and one patient underwent four
releases. All these patients presented with recurrent acute back pain,
combined with progressive foot deformities due to progressive neuro-
logical loss. The other six patients had two releases. The second
release was carried out 1 year and six months to 6 years after the ini-
tial untethering. The presence of lipomas (17 of 44), and age at opera-
tion were not significantly associated with the occurrence of
retethering (see Table 5).
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Table 5 Risk factors in deterioration of ambulatory status and in the occurrence 
of  retethering.
Odds Ratio 95% Confidence Interval
Deterioration of ambulatory status
- age at long-term follow-up 0.96 0.8 - 1.1 
- obesity 16.7 2.1 - 133.0
- occurrence of retethering 20.6 2.9 - 143.6
Occurrence of retethering
- age at operation 0.91 0.77-1.1
- presence of lipomas 4.2 0.75-22.9 
All significant values are indicated in bold 
DISCUSSION
This prospective long-term follow-up study shows that after neurosur-
gical untethering, late deterioration (≥ 4 years after surgery) of neu-
rosegmental motor level and ambulatory status occurred mainly in
patients with lipomyelomeningocele or myelomeningocele. Obesity
and retethering were strongly associated with the deterioration of
ambulation level. In this study retethering was mostly seen in patients
with lipomyelomeningocele (five of nine), although the presence of
lipomas itself was not a statistically significant factor.
We did not study the changes in bladder function, because this series
included a smaller group of patients, whose lower urinary tract and
sexual function were previously reviewed and reported by Boemers et
al. [3]. They concluded that changes in bladder-sphincter function
after untethering are usually transient and the result of partial dener-
vation of the lower urinary tract. This postoperative denervation was
reversible and lasted for < 6 months. It only occurred in patients with
(lipo)myelomeningocele. Therefore, this group seemed to distinct
from patients with other forms of spinal dysraphism.
Traditionally, the tethered cord syndrome has been associated with an
‘abnormally low-lying conus’, but tethering of the spinal cord can
occur at any level, and can be caused by different structures [13]. Our
study included nine of 44 patients with the conus in the normal posi-
tion. Their cord was tethered due to lipoma, fatty tissue in the fila, or
bony structures. Seven of them developed symptomatic tethered cord.
This is in agreement with Warder and Oakes [16], who found tether-
ing of the spinal cord in 13 out of 73 patients with their conus in a nor-
mal position on MRI. All of them had lipoma or fatty tissue in fila,
and two patients had split-cord malformation. Ten of 13 patients devel-
oped neurological symptoms.
Comparison of postoperative outcome with other studies is difficult,
because, as in our study, most studies include different forms of
spinal dysraphism. Sarwark et al. [15] retrospectively investigated the
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results of surgical untethering in 30 children with myelomeningocele.
In 14 of these patients there was a decreased muscle function or
change in motor level before surgery. None of these patients deterio-
rated in long-term follow-up after surgery. Eleven patients showed
improvement and three of 14 remained stable. This is not in agree-
ment with our data. We included several forms of spinal dysraphism
but saw deterioration of motor level in three of 16 patients with
myelomeningocele. In 10 of them motor level remained stable while it
improved in three patients with myelomeningocele. The number of
patients who improved as reported by Sarwark et al. [15] might be
biased by the fact that their study included very young children (1 year
of age) and their age-appropriate development of motor function
might be recorded as improvement. Calenbergh et al. [4] reported
long-term outcome after surgery in 32 patients with lipomas.
Preoperative progression of symptoms that were mostly seen were
motor deficits (15 of 32), urodynamic changes (14 of 32), and orthope-
dic deformities (13 of 32). In their long-term follow-up, motor prob-
lems improved or stabilized in 27 of 32 patients and it worsened in
five of 32. In our study with a mean duration of follow-up of 7 years
and 1 month, neurosegmental motor level and ambulation level dete-
riorated in five of 23 of patients with lipomas, and in five of the total
group of 44, whereas the others remained stable or improved.
Late neurological deterioration is often reported, especially in patients
with lumbosacral lipomas [1,4,5,9,12,14]. This phenomenon is fre-
quently attributed to the occurrence of retethering, but several authors
argue that it might also be part of the natural history of lumbosacral
lipomas or myelodysplasia. Pierre-Kahn et al. [14] studied 291 patients
with congenital lumbosacral lipomas. They distinguished lipomas of
the filum from lipomas of the conus because the long-term outcome
was much less favorable for the latter group than for lipomas of the
filum. They observed that postoperative long-term deterioration was a
risk only in patients with lipomas of the conus and in patients with
myelomeningocele, and was never seen in inividuals with lipomas of
the filum. As in the large series of Pierre-Kahn et al. [14], we also
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found that late deterioration only occurred in patients with
lipomyelomeningocele and myelomeningocele.
The incidence of retethering varies from 10 to 20 % in current litera-
ture, and is more frequently reported in patients with lipomyelo-
meningocele or transitional lipomas, than in patients with dorsal,
caudal or filum lipomas [1,5]. In the first group satisfactory untether-
ing surgery can be done without risk, but in those with
lipomyelomeningocele and transitional lipomas, the treatment has
certain risks and does not prevent all patients from further deteriora-
tion [1,14]. In our study, nine of the 44 patients showed signs of reteth-
ering, which is comparable to the incidence in current literature. The
diagnosis of retethering is a very difficult one. The goal for surgery is
not only to completely release the tethered cord, but also to obtain a
watertight dural closure as to prevent retethering through scarring.
Nevertheless, postoperative MRI often shows that the spinal cord has
retethered again. This radiological retethering was never an indication
for repeated surgery, in our study. However, if new symptoms related
to the spinal cord dysfunction developed in the patients, repeated sur-
gery was performed on clinical and neurophysiological grounds and
based on urodynamic investigation. Retethering mainly occurred in
those with complex forms of lipomas. This might explain why the
presence of lipomas itself (23 of 44), is not significantly associated
with the occurrence of retethering, in this study.
In the past, there were few barriers to carrying out neurosurgical
untethering. In our series, prophylactic operations were performed in
two patients with occult forms of spinal dysraphism, who had normal
neurological function. In these patients no deterioration occurred
regarding motor- and ambulation level, but it remains unclear
whether or not, this can be attributed to the operation. In current liter-
ature, and from our own experience it has become clear that complete
untethering of the cord can be done savely and straightforwardly in
many cases, but on the other hand, sometimes it can be very difficult
and not entirely free of risks. Therefore many authors are against pro-
phylactic surgery in patients with complex forms of lipomas, suggest-
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ing that these individuals should only be operated when they develop
symptoms [1,2,4,14]. Unfortunately, a significant number of these
patients develop new symptoms of neurological deterioration, despite
surgery. Therefore, Pierre-Kahn et al. [14] raised the question as to
whether or not the results of surgery in patients with complex forms
of lipomas are any better than the natural history of the disease. This
needs attention in future studies.
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CONCLUSIONS
At long-term follow-up after neurosurgical untethering, neuroseg-
mental motor level and ambulatory status remained stable in the
majority of patients. Deterioration occurred only in patients with
lipomyelomeningocele or myelomeningocele. Obesity and retethering
were strongly associated with deterioration of ambulatory status.
Retethering was seen in nine of 44 patients - the majority of them had
lipomyelomeningocele.
We agree with Cornette et al. [6] that careful multidisciplinary follow-
up is necessary to monitor the development of neurological changes
that can be used to determine the timing of surgical untethering.
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ABSTRACT
AIMS: To determine the effects of spinal fusion on ambulation level
and functional abilities in children with spina bifida.
METHODS: Ten children (3 males and 7 females) with myelomeningo-
cele were prospectively followed. Their mean age at operation was 9.3
years (standard deviation (SD): 2.4). Spinal curvature was measured
according to Cobb. Pelvic obliquity and trunk decompensation were
measured as well. The ambulation level was scored according to
Hoffer and functional abilities, as well as the amount of caregiver
assistance were documented using the ‘Pediatric Evaluation of
Disability Inventory’. All patients were assessed before surgery, and
three times after surgery, with a total follow-up duration of 18 months
after surgery.
RESULTS: After spinal fusion, magnitude of primary curvature
decreased significantly (p = 0.002). Pelvic obliquity and trunk decom-
pensation did not change. The ambulation level showed a significant
regression (p = 0.03). Functional abilities and amount of caregiver
assistance concerning self-care and mobility showed a non-significant
trend to deteriorate within the first six months after surgery, but
recovered afterwards. From pre- to 18 months after surgery, functional
skills on self-care showed borderline improvement (p = 0.07), where-
as mobility did not (p = 0.2). Mean scores on caregiver assistance
improved significantly on self-care (p = 0.03), and borderline on
mobility (p = 0.06).
CONCLUSIONS: Within the first six months after spinal fusion, more
caregiver assistance is needed in self-care and mobility. It takes about
12 months to recover to pre-surgery level, while small improvement is
seen afterwards. After spinal fusion, ambulation often becomes diffi-
cult. These findings are important for health care professionals, in
order to inform and prepare the patients and their parents properly
for a planned spinal fusion.
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INTRODUCTION
Scoliosis is a serious and common problem in patients with
myelomeningocele. The incidence varies from 50-80% in the litera-
ture [2,7,11]. Almost all children with thoracic or high lumbar lesion
appeared to develop a scoliosis, with a decrease in incidence of 5 to
10% in those with sacral level lesion [7]. The most progression is often
seen in early teenage years, but it can increase significantly in younger
children as well, especially in curvatures of more than 40° [11].
Another serious spinal deformity that tends to show severe progres-
sion at an early age is lumbar kyphosis [2]. Progressive scoliosis often
result in instability of the trunk, especially in curvatures > 40°, and
when associated with pelvic obliquity > 15°. This might endanger sit-
ting balance, ambulation and activities of daily living (ADL) [1,7].
Therefore, the main goal of surgical intervention is prevention of an
unbalanced spine, and to maintain or improve sitting balance.
Additionally, but not of less importance, is the aim to maintain or
improve mobility, and ADL.
Few have been published on the functional consequences of spinal
fusion [1,7,8,10,11] when compared to technical outcomes of surgery.
Studies on functional consequences report a deterioration of ambula-
tion level after surgery. However, no negative effects were found on
ADL. After spinal fusion, patients are often immobilized for quite a
long time (20-24 weeks). This must have consequences for functional
abilities. It has been suggested that early intensive physical therapy to
promote ambulation and transfers, could prevent patients from deteri-
oration after spinal fusion, but literature on the course of functional
abilities after spinal fusion is scarce [1].
The aim of this prospective study was to evaluate the course of ambu-
lation, functional skills and the amount of caregiver-assistance needed
regarding self-care and mobility, from pre- to 18 months post-surgery,
in children with myelomeningocele where early mobilization was
stimulated.
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PATIENTS AND METHODS
From January 1998 to December 1999, ten consecutive patients with
myelomeningocele, younger than 18 years of age, underwent surgical
treatment for spinal deformities at the Wilhelmina Children’s
Hospital, University Medical Center Utrecht, the Netherlands. All
these patients have been followed-up in the outpatient spina bifida
clinic of the hospital, and were treated in the department of orthope-
dics because of development of progressive kyphosis, scoliosis, or
both. All patients (3 males and 7 females) were all willing to partici-
pate in the present prospective study approved by the Medical Ethics
Committee of our hospital. Informed consent was obtained from all
the parents. One patient had kyphosis in the lumbar area, eight chil-
dren had scoliosis (one thoracic, six thoracolumbar, and one lumbar
scoliosis), and one boy was referred for treatment of recurrent defor-
mation. He developed a pseudarthrosis at the thoracolumbar junction
after a prior posterior fusion.
The clinical assessments were performed one day before surgery, and
6, 12 and 18 months after surgery, by the same pediatric physical 
therapist (MS). Radiographs of the spine were performed at all four
measurements.
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Table 1 Scoring of ambulation.
Score 1 community walker ambulating outdoors with or without braces but
using wheelchair for longer distances
Score 2 household walker using braces or crutches for indoors and using a
wheelchair outdoors
Score 3 exercise walker walking only in therapeutic situations
Score 4 non-walker wheelchair-dependent
Measurements
Spinal curvatura, pelvic obliquity, and trunk decompensation were
measured using roentgenograms. The scoliosis or kyphosis angle was
measured according to Cobb with the spinal rotation meter [13]. The
degrees of pelvic obliquity were measured as the angle between the
iliac crest and the horizontal line from radiographs taken with the
patient in sitting position [14]. Trunk decompensation was measured
as centimeters of deviation from the vertical line drawn from the 7th
cervical vertebra to horizontal crests from radiographs. The same
orthopedic surgeon (JEHP) performed all the radiographic measure-
ments.
Gender, presence of shunted hydrocephalus, neurosegmental motor
level, Intelligence Quotient (IQ), and age at operation were document-
ed. Sitting height was measured. Ambulation level was scored accord-
ing to the criteria of Hoffer et al. [6], as shown in Table 1.
Functional abilities, and the amount of caregiver assistance concern-
ing self-care and mobility were scored using the Dutch version of the
‘Pediatric Evaluation of Disability Inventory’ PEDI[3,5]. The PEDI is a
validated and reliable parental questionnaire that measures functional
skills (FS), and caregiver assistance (CA) in three domains: self-care,
mobility and social function. For the purposes of this study we used
the scores on the self-care (FS and CA) and mobility (FS and CA)
domains as outcome measures. Results were calculated as a scaled
score ranging from 0 to 100. In healthy children (≥ 7.5 years of age) all
functional skills should be mastered leading to a score of 100.
Regarding caregiver assistance, the higher the score the higher the
level of independence.
In seven patients, surgical release of tethered cord prior to spinal
fusion was carried out by a pediatric neurosurgeon. Surgical tech-
niques used for correction of kyphosis, scoliosis, or both, are listed in
Table 2. Three patients had undergone a two-stage anterior-posterior
procedure. The same pediatric orthopedic surgeon (JEHP) performed
all the operations.
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All children were nursed on a regular bed for an average of seven days
after the final operation, and then immobilized in a bivalved total-con-
tact orthosis (hip-spica with both legs) for a period of 12 weeks. This
orthosis allowed upright posture in a wheelchair, and permitted regu-
lar inspection for pressure sores. Afterwards, patients received a cus-
tomized body-jacket for an additional 12 weeks. In this period, transfer
training was started during physical therapy sessions, and patients
were encouraged to walk if possible. Six months after surgery, mobi-
lization was completely unrestricted.
Statistical analysis
Due to small sample sizes and data distribution, non-parametric
Friedman tests were used for analyzing the four repeated measure-
ments on all variables (Cobb angle of primary curvature, pelvic obliq-
uity, trunk decompensation, sitting height, ambulation level, and
PEDI-scores). When differences between the measurements appeared
to be significant (p < 0.05), the Wilcoxon signed-rank test was used to
detect which specific follow-up measurements significantly differed
from each other. Data are presented as mean and standard deviation,
or median and interquartile range (25th - 75th centile) (IQR) [p1]when
appropriate. Descriptive analysis was performed with the Statistical
Package of the Social Sciences (SPSS 9.0).
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RESULTS
General characteristics are presented in Table 2. The mean age (SD) at
operation was 9.3 (3.4) years. All patients had shunted hydrocephalus
and Chiari II malformation. Their mean IQ was 72.7 (range: 60-95).
One patient had assisted mechanical ventilation (tracheostomy)
because of brainstem dysfunction (case 9). Two girls had a lum-
bosacral lesion (case 7, 8). Both had restricted walking abilities prior
to surgery due to hypertonia in the lower extremities.
Median values of Cobb angle, pelvic obliquity, trunk decompensation,
and sitting height, before and after surgery are shown in Table 3.
Magnitude of primary curvature (Cobb angle) decreased significantly
after operation. Significant changes were seen between measurement
1 and 2 (p = 0.03), 1-3 (p = 0.02), and 1-4 (p = 0.02) respectively.
Within 18 months after surgery some loss of correction occurred.
Sitting height improved after surgery. Significant changes were seen
between measurement 1-2 (p = 0.04), 1-3 (p = 0.04), 1-4 months (p =
0.04), and between 2-4 (p = 0.03).
Ambulation deteriorated significantly (p = 0.03). After surgery, two
out of three exercise walkers lost walking ability permanently (case 5,
6). One girl (case 8) was operated at a young age (3.4 years) because of
rapid development of a severe scoliosis (43°) with pelvic obliquity (15°),
resulting in an unbalanced sitting. After surgery, she lost the ability to
walk in therapeutic situations temporarily, but regained it within one
year after surgery. Another girl (case 7), a household walker prior to
surgery, became permanently wheelchair-dependent. She developed a
(right) hip luxation within six month after spinal surgery due to severe
hypertonia in her leg, despite tethered cord release prior to spinal
fusion.
The mean PEDI-scaled scores (SD) on functional skills self-care
showed a non-significant tendency to deteriorate from measurement
one to six months after surgery (measurement two). Most problems
were seen in items concerning dressing upper and lower body, and
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SPINAL FUSION
117
CHAPTER 6
Table 3 Results before and after surgery with regard to Cobb angle of primary curvature, amount of 
correction, pelvic tilt, trunk decompensation, sitting height, and hip flexion contractures.
Before 6 months 12 months 18 months p-value
surgery after after after
surgery surgery surgery
Measurement 1 2 3 4
Cobb angle (degrees) 0.002
- median (P50) 54.0 26.0 32.0 32.0
- IQR (P25-P75) 42.3 - 78.0 22.5 - 38.0 26.8 - 39.8 27.0 - 40.0
- minimum - maximum 39.0 - 90.0 16.0 - 120.0 15.0 - 110.0 20.0 - 109.0
Pelvic obliquity(degrees) 0.82
- median (P50) 4.0 3.5 6.0 5.5
- IQR (P25-P75) 0.0 - 20.3 0.0 - 15.0 0.0 - 20.0 0.0 - 10.3
- minimum - maximum 0.0 - 41.0 0.0 - 32.0 0.0 - 35.0 0.0 - 25.0
Trunk decompensation (cm) 0.58
- median (P50) 0.8 0.0 0.8 1.0
- IQR (P25-P75) 0.0 - 2.0 0.0 - 1.3 0.0 - 1.1 0.0 - 2.0
- minimum - maximum 0.0 - 3.0 0.0 - 3.0 0.0 - 3.0 0.0 - 3.0
Sitting height (cm) 0.003
- median (P50) 63.0 66.6 69.5 70.6 
- IQR (P25-P75) 55.0 - 67.8 58.8 - 70.3 58.2 - 73.9 65.9 - 74.4
- minimum - maximum 50.0 - 68.5 51.5 - 77.2 51.0 - 76.5 54.0 - 77.0
Values are presented in median and IQR as they were not normally distributed. All values that are statistically 
significant are indicated in bold.
Abbreviations: IQR = interquartile range, cm = centimeters. 
bowel and bladder management, such as inability to catheterize them-
selves. After six months, scores showed a significant improvement (p
< 0.01: measurement 2-4, and 3-4), and restored to pre-surgery level at
12 months. The changes are shown in Figure 1a. Eighteen months
after surgery, functional skills on self-care showed borderline
improvement (p = 0.07) compared to pre-surgery level. The same
trends were seen for mobility functional skills (Figure 1b).
Deterioration six months after surgery mainly concerned transfers-
items. From first measurement to 18 months after surgery, functional
skills on mobility did not improve significantly (p = 0.2).
Changes for caregiver assistance regarding self-care and mobility are
shown in Figure 2a and Figure 2b respectively. The higher the score
on caregiver assistance, the higher the level of independence, mean-
ing that less caregiver assistance was needed 18 months after surgery
compared to pre-surgery. Mean scores on caregiver assistance
improved significantly on self-care (p = 0.03), and borderline on
mobility (p = 0.06). PEDI-scores improved from baseline to 18
months follow-up, in all but one patient. In the girl that developed a
hip luxation (case 7), scores on all PEDI-domains deteriorated.
Complications were seen in 8 out of 10 patients. In one girl, case 4
with severe lumbar kyphosis, no correction was obtained. Due to
resorption of the strut-graft, her kyphosis showed progression from
90° before to 109° after surgery. In three other patients (case 2, 5 and
6) the instrumentation came loose, leading to some loss of correction
in one patient (case 2). One of the patients (case 10) had osteomyelitis.
His instrumentation had to be removed after six months, but he did
not loose correction. Three out of 10 patients (case 1, 7, and 8)
increased their curvature above or below the fusion mass. In two
patients (case 3 and 9), no complications were seen.
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Figure 1A and B
Functional skills scaled scores with regard to self-care (A) and mobility (B) before and after
surgery.
Abbreviations: CI = confidence interval, FS = functional skills.
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Figure 2A and B
Caregiver assistance scaled scores with regard to self-care (A) and mobility (B) before and after
surgery.
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DISCUSSION
This study describes the reconvalence of children with myelo-
meningocele after spinal fusion, with special emphasis on ambula-
tion, functional abilities and amount of caregiver assistance needed.
Our study suggests that functional abilities on self-care and mobility
showed a tendency to decrease within the first six months after sur-
gery, but gradually improved to pre-surgery level within 12 months,
and improved further at 18 months after surgery. The same trend was
seen in the amount of caregiver assistance. Eighteen months after sur-
gery less caregiver assistance was needed on self-care compared to
pre-surgery level. Caregiver assistance on mobility did not change sig-
nificantly. After spinal fusion, ambulation became difficult in three
out of four patients who were able to ambulate prior to surgery.
Our main interest was not to evaluate the efficacy of different surgical
procedures on scoliosis, but to follow-up the course of functional abili-
ties after spinal fusion followed by immobilization. We evaluated the
group as a whole and did not distinct for different types of fusion, as
all our patients were immobilized in a standardized way, for the same
period.
As in other series, we found a significant correction of primary curva-
ture after surgery, in all but one patient. The severity of the curvature
at final follow-up (median: 32°) in our study, is comparable with that
in current literature [1,2,9,12,14]. As in these series, some loss of cor-
rection is seen at final follow-up, mostly due to hardware problems.
As expected, we found a significant increase in sitting height com-
pared to pre-surgery, as this is caused by correction of the scoliosis.
Moreover, we also found an increase in sitting height within the fol-
low-up period (measurement 2-4). This means that spinal growth is
still possible after fusion, probably due to the Luque technique we
used in posterior fusion.
Although spinal alignment improves significantly after surgery, mor-
bidity is high in most series. In our study, problems in terms of loss of
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correction, progression above or below fusion mass or osteomyelitis
occurred in eight out of 10 patients.
Mazur et al. [8] studied functional status and ambulation after spinal
fusion in 49 children with spina bifida. They found deterioration in
ambulation in 67% of patients who had undergone combined anterior
and posterior fusion, in 57% following anterior fusion, and in 27% fol-
lowing posterior fusion alone. Muller et al. [10] reported that 57%
(8/14) of their patients lost some of their ambulation capacity after
spinal fusion. We also found deterioration of ambulatory skills after
surgery. Permanent deterioration of ambulation was seen in three out
of four patients who were able to walk prior to surgery. One girl with
sacral level paralysis (case 7) lost ambulation due to progressive hyper-
tonia, and two patients (case 5 and 6) had thoracic and high lumbar
lesion level. It remains unclear whether or not walking abilities would
have been lost anyway in these patients. It is known that most chil-
dren with high level myelomeningocele often loose the ability to walk
during their teenage years, due to high energy consumption when
walking with aids, and as a result of growth or obesity [4].
Few studies report on the influence of spinal fusion on functional sta-
tus. These series report that spinal fusion does not adversely effect
motor skills or Activities of Daily Living (ADL) [1,8,10]. Our data are
partially in agreement with these findings, as we also found no
adverse effects in ADL on the long-term. However, a temporary
decrease of functional abilities within the first six months after sur-
gery was found, but it gradually improved to pre-surgery level at 12
months. Moreover, 18 months after surgery, we found a significant
improvement in scores in self-care, as well as in the amount of care-
giver assistance needed compared to pre-surgery level. Regarding
overall mobility, non-significant changes were found. Askin et al. [1]
also studied the influence of spinal fusion on functional status in 20
patients with four different neurological disorders. They found a ten-
dency for overall abilities in all patient groups to deteriorate for the
first six months. They returned to their pre-surgery level at 12 months.
Their series included five children with myelomeningocele. Of these
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children 6-months assessments were not available as these patients
were still in a postoperative brace, but 12 months after surgery all
patients returned to their pre-surgery level in ADL. However, walking
abilities deteriorated in all of them. Our data are in agreement with
these findings.
When interpreting our findings, it should be kept in mind that the
sample size of our study is small. Therefore, long-term prospective
follow-up studies have to be continued with larger numbers. On the
other hand, our results confirm other small series and scarce litera-
ture on this subject. Hence, with ongoing advances in technology to
improve spinal fusion in children with myelomeningocele, future
studies should not only focus on the effectiveness of surgery in terms
of spinal curvature, pelvic obliquity, and complications. It is inevitable
to evaluate the effect of such major surgery on children with spina
bifida and their families.
This addresses the issue that the functional consequences of spinal
fusion are measured in different ways, making comparison of results
difficult. Moreover, outcome measures used in these series [8,10] are
often clinician oriented and might not reflect the abilities that are
important to patients themselves. To overcome this problem, we used
the PEDI to evaluate functional abilities and the amount of caregiver
assistance needed pre- and post-surgery. The PEDI is a very long ques-
tionnaire based on a structured interview with caregivers and by that,
time consuming. This makes it less suitable for routine follow-up.
Recently, Wai et al. [15] developed the ‘Spina Bifida Spine
Questionnaire’ (SBSQ). The SBSQ appeared to be a valid and reliable
self-administered questionnaire, to assess the effectiveness of surgical
and other therapeutic interventions for children with spina bifida and
scoliosis. In retrospect, this instrument could have been more appro-
priate for our study. However, it was not available when we started our
study in 1998. The SBSQ will be a useful instrument for future fol-
low-up studies on the effectiveness of spinal surgery in patients with
spina bifida.
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CONCLUSIONS
Within the first six months after spinal fusion, more caregiver assis-
tance is needed compared to pre-surgery, especially with regard to
dressing upper and lower body, bowel and bladder management, and
transfers. It will take about 18 months before patients and their par-
ents experience the beneficial effects that spinal fusion can have on
functional abilities. After surgery, walking abilities often become diffi-
cult. These findings are important for health care professionals in
order to inform and prepare the patients and their parents properly
for a planned spinal fusion.
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Summary, general discussion and conclusions 
MAGC Schoenmakers
7
SUMMARY
Due to advanced medical treatment, more children with spina bifida
survive into adulthood. Most outcome studies in the field of spina bifi-
da research focus on disease aspects (‘pathology’) and its relation to
one of the domains in the ‘disablement process’ such as physical func-
tioning, cognitive abilities, or psychosocial adjustment [1-5]. From
these studies it became clear that spina bifida has significant impact
on the health of individuals, but little is known on ‘health related qual-
ity of life’ (HRQL).
The main goal of this thesis is to get more insight into the different
domains of the ‘disablement process’ in children with spina bifida.
We were especially interested in how ‘pathology’, ‘impairments’,
‘functional limitations’, ‘disability’ and HRQL relate to each other in
order to set relevant and realistic goals for physical therapy treatment.
Physical therapy traditionally focuses on improvement of muscle
strength and muscle tone, and the prevention of contractures, to opti-
mize childhood development and functioning. However, it is not clear
how these impairments relate to functional independence and HRQL.
As there is often an intense demand for commitment on children and
their families regarding physical therapy, knowledge of determinants
of independence is of utmost importance in order to focus “on realis-
tic goals rather than wasting efforts on attempting the impossible” [2].
In Chapter 1, a brief introduction is presented with respect to child-
hood spina bifida and the advances in medical treatment over the last
decades. The symptoms of occult forms of spinal dysraphism as well
as the symptoms of spina bifida aperta, especially of myelomeningo-
cele (MMC) are discussed. The view on three major disablement con-
cepts is described and the conceptual framework that we have chosen
for our research is defined. The impact of spina bifida on the four
domains of the ‘disablement process’ such as ‘pathology’, ‘impair-
ments’, ‘functional limitations’ and ‘disability’, as well as the possible
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impact on HRQL is discussed. The aims and outline of the thesis are
formulated.
In Chapter 2, we investigated outcome in 177 children with spina bifi-
da, aged 1-18 years. In this cross-sectional study, we compared out-
come in children with MMC, (n = 122) to those with other types of
spina bifida (OTSB, n = 55) regarding ‘pathology’ (presence of associ-
ated central nervous system abnormalities and lesion level), ‘impair-
ments’ (mental status, range of motion and muscle strength),
‘functional limitations’ (ambulation level, scores of functional skills)
and ‘disability’ (caregiver assistance), as well as perceived competence
and HRQL. Additionally, within the MMC group we compared out-
come in children with and without hydrocephalus. We also investigat-
ed associations between ‘impairments’, ‘functional limitations’,
‘disability’, perceived competence and quality of life. Ambulation level
was statistically significantly associated with muscle strength (the
higher the muscle strength, the higher the ambulation level), as well
as with lesion level (the lower the lesion level, the higher the ambula-
tion level). Furthermore, we concluded that children with MMC, espe-
cially those with shunted hydrocephalus, appeared to be significantly
more impaired, to have more functional limitations and lower scores
on HRQL compared to patients with other types of spina bifida.
However, perceived competence in MMC patients did not differ from
those with OTSB who had less impairments and more functional abil-
ities. Moreover, HRQL appeared to be significantly associated with
ambulation level, functional abilities and mental status, whereas per-
ceived competence showed no association with most of these vari-
ables. In our opinion, health care professionals should not mainly
focus their attention on more disabled patients with MMC with severe
disabilities, especially regarding psychosocial support. This kind of
support might be needed in children with OTSB and minor disabili-
ties as well.
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In Chapter 3, we investigated which factors of the ‘disability process’
domains were the most important determinants for functional inde-
pendence regarding self-care and mobility in 122 children with MMC.
Our main interest regarding HRQL was to explore which functional
abilities were the most important determinants for quality of life. Our
findings showed that parameters on the level of impairments were
significantly associated with disability. From our study it is suggested
that lesion level, mental ability, having no contractures and good mus-
cle strength of lower extremities particularly determine independence
in self-care in children with MMC. All these factors are mutually
dependent. Mental ability, having no contractures and good muscle
strength of lower extremities were the most important determinants
for functional independence in mobility. With regard to HRQL, we
found that being independent in mobility appeared to contribute
more to HRQL than being independent in self-care or being wheel-
chair-dependent. This information is of clinical significance in plan-
ning a comprehensive and realistic rehabilitation program.
In Chapter 4, we investigated muscle strength, ambulation level,
motor performance and functional outcome regarding self-care,
mobility and social function (measured with the Pediatric Evaluation
Disability Inventory ( PEDI)) in two groups of children with sacral
level spina bifida (MMC versus lipomyelomeningocele (LMMC)).
Both groups were compared with each other and with reference val-
ues of the normal population regarding motor performance and func-
tional outcome. In the MMC group (n = 30), all children had
hydrocephalus and Chiari II malformation. In the LMMC group (n =
14), none of the children had these central nervous system abnormali-
ties. We concluded that children with sacral level paralysis had more
than minor gait disturbances. In both groups, gross motor and func-
tional problems were seen, whereas fine motor problems only
occurred in the MMC group with shunted hydrocephalus and Chiari
II malformation, and in none of the children with LMMC without
these central nervous system abnormalities. In the MMC group, mus-
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cle weakness and motor problems, mainly concerning balance, were
more severe compared to the LMMC group, but functional abilities
(ambulation level and PEDI-scores) did not differ significantly
between the groups. Both groups needed caregiver assistance for a
prolonged period, especially regarding bladder and bowel manage-
ment. These findings need special attention, particularly in children
who attend regular schools. Periodic monitoring is warranted, so that
appropriate intervention can be started when needed.
In Chapter 5, we prospectively studied the long-term effects of neuro-
surgical untethering on neurosegmental motor level and ambulation
level in 44 patients with spinal dysraphism, aged 1-18 years (MMC, n
= 16; LMMC, n = 9; other types of spina dysraphism, n = 19). Motor
and ambulation levels were assessed before, and three times after sur-
gery with a mean duration of follow-up of 7.1 years. We also tried to
gain insight into risk factors in deterioration of ambulation level and
in the occurrence of retethering. This long-term follow-up study
shows that after neurosurgical untethering, neurosegmental motor
level and ambulatory status remained stable in the great majority of
patients. Late deterioration (≥ 4 years after surgery) of neurosegmen-
tal motor level and ambulatory status occurred mainly in patients with
(lipo)myelomeningocele. Obesity and retethering were strongly asso-
ciated with the deterioration of ambulation level. In this study, reteth-
ering was mostly seen in patients with LMMC, although the presence
of lipomas itself was not a statistically significant factor. Careful multi-
disciplinary follow-up is necessary to monitor the development of neu-
rological changes that can be used to determine the timing of surgical
untethering.
In Chapter 6, we prospectively studied the functional consequences of
surgical correction of spinal deformities in 10 children with MMC.
Progressive scoliosis often results in instability of the trunk that might
endanger sitting balance, ambulation and activities of daily life (ADL).
Therefore, the main goal of surgical intervention is prevention of an
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unbalanced spine and to maintain or improve sitting balance, mobility
and ADL. In this study, ambulation level, functional skills and caregiv-
er assistance (PEDI-scores) regarding self-care and mobility were
measured before, and three times after surgery at 6, 12 and 18 months
respectively. After spinal fusion magnitude of curvature decreased sig-
nificantly, whereas pelvic tilt and trunk decompensation did not.
Furthermore, we found that within the first six months after spinal
fusion more caregiver assistance was needed in self-care and mobility
compared to pre-surgery, especially with regard to dressing upper and
lower body, bowel and bladder management, and transfers. It took
about 12 months to recover to pre-surgery level of functioning, while
small improvement was seen afterwards. After spinal fusion, ambula-
tion became difficult in most of the patients who were able to ambu-
late (mainly exercise walkers) prior to surgery. These findings are
important for health care professionals in order to inform and prepare
the patients and their parents properly for a planned spinal fusion.
In Chapter 7, a summary, the general discussion and conclusions as
well as directions for future research are given.
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GENERAL DISCUSSION
Now that the data have been analyzed and interpreted in this thesis, it
is time to update the discussion with our current knowledge on inter-
relationships between ‘impairments’, ‘functional limitations’, ‘dis-
ability’ and ‘HRQL’ in childhood spina bifida. What are the implica-
tions of our results? What does it imply for the knowledge of individu-
als with spina bifida and their parents, and for health care
professionals working with them? What are the implications for phys-
ical therapy treatment strategies and future research?
Functional prognosis
Spina bifida is one of the major causes of locomotor dysfunction in
children. One of the first questions that most parents have is: ‘will my
child be able to walk’? Therefore, factors associated with ambulation
have been studied extensively in the past [6-13]. There is a large dis-
parity in reports of ambulatory outcome across neurosegmental lesion
groups [6,7,9]. This might be due to lack of homogeneity in patient
groups and/or due to the cross-sectional nature of most studies.
Nevertheless, lesion level is mostly used for predicting ambulation
level in children with spina bifida but other determining known
‘pathology’ factors are hydrocephalus, orthopedic problems, obesity,
age, etc [10,13]. As far as we know, there is only one study that focused
on the relation between muscle strength and ambulation [9].
McDonald et al. [9] studied 291 children with MMC and found m.
iliopsoas strength to be the best predictor of ambulation, with the m.
quadriceps, m. tibialis anterior and mm. gluteï also contributing sig-
nificantly. Therefore, they recommended the use of specific patterns
of lower-extremity muscle strength for predicting ultimate walking
ability and establishing ambulatory goals.
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In our studies, we also found ambulation level to be related to muscle
strength (Chapter 2). All community walkers in our study had muscle
strength grade 5 of hip flexor muscles, grade 4-5 of hip abductor mus-
cles and grade 3 or more of ankle dorso-flexors. In Chapter 3 we stud-
ied determinants for independence in mobility, as mobility
encompasses more than just ambulation. Mobility has been defined
as the “individual’s ability to move around effectively in his or her sur-
roundings, with or without assistance or physical aids “[14]. Regarding
independence in mobility as measured with PEDI-scores on caregiver
assistance, we found lesion level to be of less importance than lower-
extremity muscle strength. We found that independence in mobility
appeared to be significantly related to strength of hip flexor muscles,
hip abductor muscles, hip extensor muscles, knee extensor muscles
and ankle dorso-flexors. These are the same muscle groups as found
by McDonald et al. [9] in relation to ambulation. Therefore, we believe
that muscle group-patterns rather than lesion level should be used for
setting relevant and realistic goals regarding ambulation and mobility.
Moreover, with regard to HRQL, we found that being wheelchair-
dependent was of less importance than being independent in mobili-
ty. Therefore, walking itself should not be the primary focus for all
patients with spina bifida. Parents and therapist would be better to
focus “on realistic goals rather than to attempt the impossible” [2].
Instead, an independence-oriented approach would be more appropri-
ate. The process of learning to move around without assistance should
start early in childhood to make it easier for children to mature into
well-functioning adults as far as mobility is concerned. Facilitation of
the optimal level of independence in mobility, implicates that early
wheelchair training and transfer training in the actual environment
might have the highest priority for a child with low muscle strength
(grade 0-3) of m. iliopsoas and m. quadriceps. On the other hand, opti-
mizing running or jumping skills, might only be a realistic goal for
children with good strength (≥ 4) of hip abductor and ankle dorso flex-
or muscles. In Chapter 4 we studied muscle strength and motor per-
formance in 44 children with sacral level paralysis (30 with MMC and
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14 with LMMC). ‘Normal’ ambulation (without the use of aids) was
strongly associated with strength of hip abductor muscle and ankle
dorso-flexor muscles. In both groups, muscle weakness was most
severe in hip extensor and calf muscles. Balance problems in actions
such as hopping, jumping and standing on one leg, were seen in 90%
of the children with MMC compared to half of the children with
LMMC. The link between balance problems and its relation to limita-
tions in regular sporting activities needs further investigation.
Outcome measures in Spina Bifida
Due to the multitude of body systems affected, the potential impact of
spina bifida on individual development and adaptation, and the inten-
sive involvement of the family, children with spina bifida require a
holistic approach [15]. Traditionally, health care and physical therapy
treatment focused on ‘impairments’ rather than on the person’s func-
tion in his or her environment. Nowadays, there is a shift towards
evaluation of both capability and performance in the environment.
These aspects are incorporated into the PEDI as developed by Hayley
et al. [16]. Recently, the Dutch adaptation of the PEDI was investigated
[17-18], and it appeared to be a reliable and feasible instrument to dis-
criminate between children with and without disabilities, and to eval-
uate changes in functional status. Therefore, in this thesis the Dutch
PEDI was the instrument of choice, used to evaluate the amount of
‘functional limitations’ and ‘disability’ in different types of spina bifi-
da (Chapter 2, 4). Furthermore, it was our main outcome measure for
determinants of functional independence and HRQL (Chapter 3). We
also used the PEDI to evaluate changes in functional abilities after
surgical correction of spinal deformities (Chapter 6) as it provides
important information on the level of independence as reflected in the
amount of caregiver assistance needed for daily skills, before and after
this major surgery.
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Recently, the PEDI has been used in other series to evaluate functional
abilities of children with spina bifida [19-21]. We found that PEDI-
scores in young children (≤ 7.5 years) were below the mean, but still
within normal ranges, with the exception of scores on mobility. In
older children (> 7.5 years) scores were deviant in all domains
(Chapter 3, Table 1; Chapter 4, Table 4). This is in agreement with
other studies. Dahl et al. [20] studied self-care skills in 35 children
with MMC and found that 60% needed moderate to maximum care-
giver assistance. They found low intelligence, poor executive func-
tions, hypotonia above the cele level and non-ambulancy, to be risk
factors for poor self-care. In our study on children with MMC as well
as those with OTSB, we found that 64% (113/177) of our patients
needed some kind of caregiver assistance (Chapter 2, Table 4). Most
help was needed in self-care, especially in bowel and bladder manage-
ment, even in non-MMC patients. In our study on determinants for
independence in self-care in 122 children with MMC, mental status
and motor function below the cele level were found to be the most
important determinants (Chapter 3, Table 2).
Although the PEDI is primarily designed for functional evaluation of
children aged between 0.5 and 7.5 years, it can be used in older chil-
dren as well if their performance falls below that expected of non-dis-
abled children. As this was the case in all our studies (Chapter 2, Table
4; Chapter 4, Table 4; Chapter 6, Figure 1 and 2), we believe that the
PEDI is a very useful instrument for evaluating improvement in both
capability and performance in children with spina bifida. To obtain a
realistic picture of the functional skills and the amount of caregiver
assistance required, it is important to observe changes in PEDI-scores
on item level instead of domain level only. This addresses the need for
the development of a disease specific PEDI-profile for children with
spina bifida, using the Rasch rating scale methodology [17,19]. This
will be the next step in our future research on spina bifida.
When evaluating the efficacy of intervention strategies from the indi-
vidual’s (and parent’s) perspective, elements of emotional well-being,
competence and life satisfaction should also be included. These
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aspects are included in the field of HRQL. HRQL has only recently
become a variable of interest in spina bifida research [15,23-26]. Both
generic and condition specific instruments exist in literature and
there is a debate as to which is preferable. The decision is directed by
the research question. It is known that children with spina bifida and
their families do not view their health as negatively as their physicians
do [4,5]. This suggests that HRQL might be best understood from the
perspective of the individuals themselves. Therefore, in this thesis we
opted for the ‘Spina Bifida Health Related Quality of Life
Questionnaire’ as developed by Parkin et al. [23]. This disease specific-
instrument measures the perception of health from the viewpoint of
children (5-12 years) and adolescents (13-20 years) themselves.
From recent literature there is growing evidence that physical func-
tioning of patients with spina bifida is related to HRQL, but on the
other hand there appears to be no significant relation between HRQL
and ‘pathology’ parameters such as lesion level or hydrocephalus
[15,24-26]. Apart from the physical functioning, other factors such as
personal and family factors seem to contribute significantly to HRQL.
Kirpalani et al. [24] found that physical functioning explained a 
significant proportion of variance in HRQL (31 to 47%), although
parental hope explained an additional 19 to 24% of the variance. Pit-
Ten Cate et al. [25] showed that children with spina bifida had lower
scores on HRQL with regard to self-care, incontinence and mobility
compared to children with hydrocephalus alone. They found that
severity of the condition and family resources independently predicted
32% of the variance in HRQL. Sawin et al. [15] studied factors associated
with HRQL in 60 adolescents with spina bifida, and found HRQL to
be related to personal factors (such as stress, hope, future expecta-
tions) and family factors (such as family satisfaction, family activity,
and family overprotection). Padua et al. [26] found lower scores on the
physical aspects of HRQL in children who are more severely disabled.
This is in agreement with our findings in Chapter 2, as we found
lower scores in HRQL in patients with a greater amount of disability.
HRQL appeared to be positively related to ambulation level and func-
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tional abilities (PEDI-scores) in children and adolescents (Table 6). In
Chapter 3, we tried to find out which functional abilities were most
important determinants regarding HRQL in individuals with spina
bifida, in order to set relevant and realistic goals for physical therapy
treatment. We found that being independent in mobility appeared to
contribute more to HRQL than other functional abilities such as being
independent in self-care or being wheelchair-dependent.
Spina bifida is a complex disorder that affects almost all aspects of an
individual’s life. The consequences of spina bifida can be displayed
using a ‘disablement’ framework. The use of such a conceptual model
is the basic architecture on which research, policy and clinical care are
built [27]. In this thesis we used the ‘disablement process’ as 
advocated by Verbrugge and Jette [27] to guide us in our research,
instead of the ICIDH model that was often used in European rehabili-
tation research [14]. The ICIDH concept was primarily designed as a
classification model for coding and manipulating data on the conse-
quences of health conditions. Moreover, the model did not differenti-
ate between ‘functional limitations’ (individual capability) and
‘disability’ (actual performance in response to the environment),
which are important issues in pediatric disability research [27-28].
Both aspects are reflected in the PEDI. Recently, the International
Classification of Functioning, Disability and Health (ICF) designed by
the WHO in 2001, has been advised [30]. In contrast to the ICIDH,
the ICF also incorporates qualifiers of capacity and performance as
reflected in the level of activity and participation, respectively (Chapter
1, Figure 1). For future research on disability in children with spina
bifida, the ICF could be a model to choose.
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Treatment approaches
Physical therapy is a common intervention for children with move-
ment disorders. However, the efficacy of physical therapy intervention
has been questioned. In the past, physical therapy focused primarily
on the child’s impairments, such as normalization of muscle tone,
increasing range of motion and increasing muscle strength, in the
hope that this would automatically result in improvement of skills and
functions of daily living [31]. Although we found impairment parame-
ters to be significantly associated with disability in our study on deter-
minants for functional independence (Chapter 3), this does not
automatically mean that stretching and strengthening exercises of
individual upper and lower extremity muscles are the best way to
improve function.
Over the last years, there is growing evidence that treatment based on
the function appeared to be more effective than the impairment-ori-
ented treatment, although research in this field is mostly focused on
children with cerebral palsy [31-35]. The so-called ‘Functional Therapy
Programs’ are based on the more recent theories on motor develop-
ment and motor control, and the dynamic systems approach, rather
than on the reflex-hierarchical and neuromaturational theories [30]
where changes in motor behavior are seen as a result of maturation.
In the system models, motor development and coordination are
assumed to emerge from a dynamical interaction of many subsystems
in a task-specific context [31,35,36]. These models implicate that thera-
peutic interventions should focus on problematic function rather than
on the movement patterns for the sake of the movement’s alone. The
child should have the opportunity to actively explore the environment
in order to find out the best strategy to solve a particular functional
problem.
Another recent shift in therapy intervention is the attention for
parental participation. This means that the parents have an active role
in deciding the goals and content of physical therapy, rather than that
they are expected to carry out a treatment regime at home that is pre-
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scribed by the therapists. Ketelaar et al. [34] compared the efficacy of
‘functional physical therapy’ versus ‘regular physical therapy’ on
motor abilities of children with cerebral palsy. In the functional thera-
py program, parents were actively involved in goal setting. They
found that functional skills in daily situations, as measured by the
PEDI, improved more in the ‘functional physical therapy’ group com-
pared to the ‘regular physical therapy’ group. As the functional treat-
ment program is a systematic way of trying to solve a child’s
functional problem, this approach is not restricted to treatment of
children with cerebral palsy, and could therefore be used in children
with spina bifida as well. In the research of Ketelaar et al. [34], goal
setting was limited to one discipline, as children received physical
therapy only. It has not yet been investigated whether the functional
programs are applicable to situations where collaborative problem-def-
inition and collaborative goal setting become more difficult [34].
As many children with spina bifida encounter problems in physical
functioning, cognitive abilities as well as in psychosocial adjustment,
most young (pre-school) children are treated in a rehabilitation center.
Moreover, many school-aged children receive their physical and occu-
pational therapy in the context of the special school they attend, where
parental participation is minimal. For these children and their fami-
lies, a study into a family centered functional therapy with collabora-
tive goal setting from different disciplines could be beneficial.
Long-term follow-up remains important, as physical and intellectual
disabilities often become more manifest when these children grow
older. Furthermore, associations between disabilities and HRQL
found in children, could change in time and might even be totally dif-
ferent from adulthood. For future research, a close collaboration
between behavioral and medical researchers is needed, which will
facilitate the search for better ways to prevent disability. In January
2003 such a multidisciplinary network for Childhood Disability
Research in Utrecht, the Netherlands (NetChild) has been launched
with a focus on maximizing the level of activities and quality of life of
children with disabilities and their families. To try to understand the
140
SUMMARY AND GENERAL DISCUSSION
‘disablement process’ in children, research programs in ‘childhood
disability’ should focus on both generic and disease specific compo-
nents of functioning throughout different underlying diseases or dis-
orders, e.g. both neurological disorders (cerebral palsy, spina bifida,
neuromuscular disorders) as non-neurological disorders (juvenile
idiopathic arthritis, musculoskeletal disorders).
For children with spina bifida, a careful multidisciplinary follow-up is
of utmost importance to monitor the development of neurological
changes due to associated central nervous system such as spinal teth-
ered cord, that is often a threat to their functional abilities. Kaufman
et al. [37] studied the effects of disbanding a multidisciplinary clinic
on health care of spina bifida patients. They concluded that it is unre-
alistic to expect the continuation of effective care by merely maintain-
ing the individual services of the disbanded clinic, without some
coordination of care.
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CONCLUSIONS
The following conclusions can be drawn from this thesis:
1 Parameters on the level of ‘impairments’ are statistically signifi-
cantly associated with ‘disability’.
2 Ambulation is significantly positively associated with muscle
strength of hip abductors and ankle dorso-flexors.
3 Good muscle strength, having no contractures and mental abili-
ty appears to be much more important for daily life functioning
of children with spina bifida than other medical indicators.
4 With regard to independence in mobility, good muscle strength,
especially of knee extensors, having no contractures, and good
mental ability, appears to contribute more to independence than
lesion level and shunt status.
5 Being independent in mobility appears to contribute more to
HRQL than being independent in self-care or being wheelchair-
dependent.
6 In young children (≤ 7.5 years) with spina bifida, PEDI-scores
were below the mean, but still within normal ranges with the
exception of scores on mobility, whereas in older children (> 7.5
years) scores were deviant in all domains.
7 Most children with sacral level paralysis have gross motor prob-
lems, more severe in myelomeningocele than in
lipomyelomenigocele. In both groups caregiver assistance was
needed for a prolonged period, especially regarding bladder and
bowel management.
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8 Although patients with myelomeningocele were more disabled
than those with other types of spina bifida, perceived compe-
tence in the latter group was not better.
9 Psycho-social support might be needed in children with other
types of spina bifida and minor disabilities as well as in those
with myelomeningocele with severe disabilities.
10 After neurosurgical untethering, late deterioration of motor and
ambulation level occurs in a minority of patients. Deterioration
and retethering is mainly seen in patients with (lipo)myelo-
meningocele and not in patients with other types of spinal dys-
raphism.
11 Magnitude of curvature significantly decreases after spinal
fusion.
12 Within the first six months after spinal fusion, more caregiver
assistance is needed in self-care and mobility. It takes about 12
months to recover to pre-surgery level, while a small improve-
ment is seen afterwards.
13 After spinal fusion, ambulation can become difficult in patients
who are exercise walkers prior to surgery.
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DIRECTIONS FOR FUTURE RESEARCH
1 Longitudinal cohort studies in spina bifida in different age
groups are indicated to study prospectively the determinants and
dynamics of the interrelationships within the different domains
of disablement, such as ‘impairments’, ‘functional
limitations/activities’, ‘disability/participation’ and personal and
environmental factors.
2 A longitudinal cohort study is necessary to evaluate the efficacy
of current physical therapy treatment strategies, with special
emphasis on prevention of contractures and on muscle strength,
and its relation to independence in mobility. In this study, strati-
fication according to muscle patterns is necessary. Furthermore,
a comparison has to be made between the traditional approach
that focuses on the impairment in order to improve function,
versus the functional approach where the intervention is prima-
rily focused on training a specific ability that might result in
improved muscle function and/or range of motion as well.
3 Development of a disease specific functional status profile for
children with spina bifida (a disease specific PEDI-profile). The
Rasch rating scale methodology can be used to observe changes
in PEDI-scores on item level instead of on domain level only. A
disease specific PEDI-profile indicates the individual needs of a
child compared to his/her peers with the same disease.
4 Before using the ‘Spina Bifida Health Related Quality of Life
Questionnaire’ to evaluate efficacy of treatment strategies, a
Dutch adaptation, as done with the PEDI, should be established.
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NEDERLANDSE SAMENVATTING 
(DUTCH SUMMARY)
MAGC Schoenmakers
Door verbeteringen binnen de medische zorg bereiken steeds meer
kinderen met spina bifida de volwassen leeftijd. De invloed van deze
chronische aandoening op het functioneren van een individu kan
zichtbaar gemaakt worden aan de hand van het zogenaamde ‘disable-
ment’ model. De term ‘disablement’ verwijst daarbij naar de gevolgen
van een aandoening op het lichamelijke, persoonlijke en maatschap-
pelijke functioneren. Het ‘disablement’ model onderscheidt verschil-
lende domeinen, zoals ‘ziekte’ (‘pathology’), ‘stoornissen’
(‘impairments’), ‘beperkingen in vaardigheden’ (‘functional limitia-
tions’) en ‘beperkingen in activiteiten van het dagelijkse leven’ (‘disabil-
ity’). De meeste studies betreffende spina bifida beperken zich tot een à
twee domeinen, zoals de relatie tussen de aandoening en het fysieke
functioneren, de cognitieve mogelijkheden of de psychosociale
aspecten. Uit deze studies is gebleken het dat het  hebben van spina
bifida een enorme invloed heeft op de gezondheid van een individu. Er
is echter nog weinig bekend over met gezondheid samenhangende
kwaliteit van leven (‘KvL’).
Het belangrijkste doel van dit proefschrift is om meer inzicht te verkrij-
gen van in de onderlinge relaties tussen de verschillende domeinen
van het ‘disablement’ proces, bij kinderen met spina bifda. Door het
verkregen inzicht in de onderlinge relaties tussen ‘ziekte’, ‘stoor-
nissen’, ‘beperkingen in vaardigheden en activiteiten’ en ‘KvL’, kan
beter richting gegeven worden aan therapiedoelstellingen. Tot voor kort
was de fysiotherapeutische behandeling van kinderen met spina bifida
voornamelijk gericht op het niveau van ‘stoornissen’, zoals bijvoor-
beeld het verbeteren van de spierkracht, het verbeteren van de
spierspanning en het bestrijden van contracturen, met als doel het
functioneren van deze kinderen te optimaliseren. Het is echter nog
onvoldoende bekend hoe deze ‘stoornissen’ zich verhouden tot 
zelfredzaamheid en ‘KvL’. Omdat fysiotherapeutische begeleiding voor
zowel kinderen als hun ouders vaak langdurig en intensief is, is het
belangrijk om te weten welke factoren medebepalend zijn voor de mate
van zelfredzaamheid. Alleen door kennis te hebben van deze determi-
nanten kunnen realistische therapiedoelstellingen geformuleerd wor-
den.
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Inleiding
In hoofdstuk 1 wordt een korte inleiding gegeven over de verschil-
lende uitingsvormen van spina bifida. Ook worden in het kort de
ontwikkelingen binnen de medisch zorg in de afgelopen decennia
belicht. De symptomen van spina bifida occulta (verborgen spina bifi-
da) en spina bifida aperta (open spina bifida), met name de
meningomyelocele (MMC), worden besproken. MMC is de meest ern-
stige vorm van spina bifida, waarbij er aanlegstoornissen zijn van
zowel de hersenen als het ruggenmerg. Hierdoor kunnen er naast
motorische problemen ook cognitieve functiestoornissen zijn. Bij de
occulte vormen van spina bifida betreft het meestal alleen aanlegstoor-
nissen van het ruggenmerg die leiden tot motorische en/of inconti-
nentieproblemen. Verder worden de drie belangrijkste ‘disablement’
concepten kort besproken, terwijl dieper ingegaan wordt op het model
dat wij als uitgangspunt gekozen hebben voor dit proefschrift. De
mogelijke gevolgen van spina bifida worden belicht binnen de ver-
schillende domeinen, zoals ‘ziekte’, ‘stoornissen’, ‘beperkingen in
vaardigheden en activiteiten van het dagelijkse leven’ en de invloed op
‘KvL’. Tenslotte worden de doelstellingen van dit proefschrift gefor-
muleerd.
‘Disablement’ proces
In hoofdstuk 2 beschrijven we de klinische karakteristieken van 177
kinderen met spina bifida, in de leeftijd van 1-18 jaar. In deze cross-
sectionele studie zijn twee groepen kinderen met elkaar vergeleken;
kinderen met een MMC (n = 122) versus kinderen met een overige
vorm van spina bifida (OVSB,  n = 55). Het betreft: a) parameters op
het niveau van ‘ziekte’ (‘pathology’), zoals de aanwezigheid van geas-
socieerde afwijkingen aan het centrale zenuwstelsel en het lae-
sieniveau; b) parameters op het niveau van ‘stoornissen’
(‘impairments’), zoals de mentale status, de bewegingsmogelijkheid
151
CHAPTER 7
van de gewrichten en de spierkracht; c) parameters op het niveau van
‘beperkingen in vaardigheden’ (‘functional limitations’) zoals ambu-
lantieniveau, scores betreffende functionele vaardigheden gemeten
met de ‘Pediatric Evaluation of Disability Inventory’ (PEDI) en d)
parameters op het niveau van ‘disability’, zoals de mate van ouderon-
dersteuning die nodig is bij deze functionele vaardigheden, eveneens
gemeten met de PEDI. Ook scores betreffende het zelfbeeld en de
‘KvL’ zijn binnen de twee genoemde groepen met elkaar vergeleken.
Binnen de MMC groep is gekeken naar de verschillen in scores tussen
kinderen met en zonder hydrocephalus. Daarnaast hebben we de
onderlinge relaties bestudeerd tussen ‘ziekte’, ‘stoornissen’,
‘beperkingen in vaardigheden en activiteiten’, zelfbeeld en ‘KvL’. Het
ambulantieniveau was statistisch significant geassocieerd met de
spierkracht in de onderste extremiteiten (hoe hoger de spierkracht,
des te hoger het ambulantieniveau) en met het laesieniveau (hoe lager
het laesieniveau, des te hoger het ambulantieniveau). Wij vonden dat
kinderen met een MMC die tevens een hydrocephalus hadden, signifi-
cant meer stoornissen hadden en meer beperkingen in hun
vaardigheden en activiteiten, dan met kinderen met een OVSB.
Bovendien scoorden kinderen met een MMC in combinatie met een
hydrocephalus significant lager betreffende hun ‘KvL’. Desalniettemin
waren de scores betreffende het zelfbeeld niet significant verschillend
tussen beide groepen. ‘KvL’ was significant positief geassocieerd met
ambulantie, functionele vaardigheden en mentale status, terwijl
scores betreffende het zelfbeeld vrijwel geen significante associaties
vertoonden met deze variabelen. Wij zijn van mening dat hulp-
verleners hun aandacht niet hoofdzakelijk moeten richten op
kinderen met de meest ernstige vorm van spina bifida (MMC), vooral
waar het hun psychosociale begeleiding betreft. Naar ons idee is psy-
chosociale ondersteuning voor kinderen met een OVSB wellicht net
zo hard nodig als voor kinderen met een MMC. 
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Determinanten voor zelfredzaamheid en kwaliteit van leven.
In hoofdstuk 3 is bij 122 kinderen met een MMC onderzocht welke
factoren van het ‘disability’ proces determinanten zijn voor hun 
zelfredzaamheid, vooral betreffende hun zelfverzorging en het zich
kunnen verplaatsen. Met betrekking tot ‘KvL’ wilden we weten welke
functionele vaardigheden het meest bepalend zijn voor ‘KvL’ (goede
ambulantie, goede handfunctie, zelfstandigheid op het gebied van
zelfverzorging, het zich kunnen verplaatsen, en/of sociaal func-
tioneren). Uit onze bevindingen blijkt er dat bij kinderen met een
MMC een significante relatie bestaat tussen parameters op het
‘impairment’ niveau en parameters op het ‘disability’ niveau.
Zelfstandigheid op het gebied van de zelfverzorging was sterk geasso-
cieerd met het laesieniveau (onder L3), de mentale status (IQ ≥ 80), de
afwezigheid van contracturen en goede spierkracht in de benen
(vooral van de knie-extensoren). Deze factoren waren afhankelijk van
elkaar. De belangrijkste determinanten voor het zich zelfstandig kun-
nen verplaatsen waren de mentale status, de afwezigheid van contrac-
turen en een goede spierkracht in de benen. Voor  de ‘KvL’ is het zich
onafhankelijk kunnen verplaatsen van groter belang dan zelf-
redzaamheid op het gebied van de zelfverzorging of het al dan niet
rolstoelgebonden zijn. Deze informatie is belangrijk voor het
opstellen van realistische behandeldoelen.
Sacrale spina bifida.
In hoofdstuk 4 zijn in twee groepen kinderen met een sacrale spina
bifida (MMC versus lipomeningomyelocele (LMMC)) de spierkracht,
het ambulantieniveau, de motorische vaardigheden en de functionele
vaardigheden betreffende zelfverzorging, het zich kunnen verplaatsen
en sociaal functioneren onderzocht. Vervolgens zijn beide groepen
zijn met elkaar vergeleken. Daarnaast zijn de scores van de
motorische en de functionele vaardigheden vergeleken met referen-
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tiewaarden van de normale populatie. Alle kinderen in de MMC groep
(n = 30) hadden een gedraineerde hydrocephalus en een Chiari II
malformatie. Geen van de kinderen in de LMMC groep (n = 14) had
deze bijkomende afwijkingen aan het centraal zenuwstelsel (CZS).
Wij constateerden dat er bij kinderen met een sacrale spina bifida
meer aan de hand was dan lopen met een ‘schoonheidsfoutje’.
Hoewel zij over het algemeen goed ambulant waren, zagen we in
beide groepen problemen op het gebied van de grove motoriek en de
functionele vaardigheden. Problemen met de fijne motoriek deden
zich alleen voor in de MMC groep. Spierzwakte en motorische proble-
men, vooral met betrekking tot het evenwicht, waren het meest ern-
stig in de MMC groep in vergelijking met de LMMC groep. Wat
betreft het ambulantieniveau en de functionele vaardigheden (PEDI-
scores) verschilden de beide groepen niet significant van elkaar. Beide
groepen waren langer aangewezen op de hulp van derden dan leefti-
jdsgenoten, vooral op het gebied van continentie. Beide groepen had-
den langdurig hulp of ouderondersteuning nodig bij de
zelfverzorging, vooral waar het catheriseren en colonspoelen betrof.
Goede voorlichting en specifieke begeleiding op deze fronten zijn
noodzakelijk om te voorkomen dat kinderen met een sacrale spina
bifida, juist zij die regulier onderwijs volgen, zich een buitenbeentje
gaan voelen. 
De invloed van ‘untethering’ op laesie- en ambulantieniveau.
In hoofdstuk 5 zijn bij 44 patiënten in de leeftijd van 1 - 18 jaar (MMC,
n = 16; LMMC,  n = 9; OVSB, n = 19) op prospectieve wijze, de lange
termijn gevolgen bestudeerd die een ontkluisterende ruggenmergop-
eratie (‘untethering’) heeft op het laesieniveau en op het ambu-
lantieniveau. Het laesie- en ambulatieniveau zijn direct vóór, en drie
keer na de operatie onderzocht (met een gemiddelde follow-up duur
van 7 jaar en 1 maand). Wij wilden ook inzicht krijgen in de risicofac-
toren voor zowel het achteruitgaan in ambulantie als het optreden van
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recidief verklevingen (‘retethering’). De resultaten van dit onderzoek
toonden aan dat na een ontkluistering van het ruggenmerg bij de
meerderheid van de patiënten zowel het laesieniveau als het ambu-
lantieniveau stabiel bleven. Achteruitgang op de lange termijn (langer
dan 4 jaar na de operatie) werd alleen gezien bij patiënten met een
(lipo)meningomyelocele. Overgewicht en het ontstaan van recidief
verklevingen waren significante risicofactoren voor achteruitgang in
het ambulantieniveau. Het optreden van ‘retethering’ werd voor-
namelijk gezien bij patiënten met een LMMC, hoewel de aan-
wezigheid van een lipoom op zichzelf geen statistisch significante
risicofactor was. Zorgvuldige multidisciplinaire controle is noodzake-
lijk om tijdig het ontstaan van neurologische veranderingen te
detecteren, waarop de indicatie voor chirurgische interventie bepaald
kan worden.
De invloed van operatieve wervelkolomfixatie op ambulantie
en functionele vaardigheden.
In hoofdstuk 6 zijn bij 10 kinderen met een MMC, op prospectieve
wijze, de functionele gevolgen van een operatieve correctie van
standafwijkingen aan de wervelkolom bestudeerd. Een progressieve
scoliose leidt over het algemeen tot instabiliteit van de romp, wat weer
negatieve gevolgen kan hebben voor de zitbalans, de functionele
vaardigheden en de ambulantie. Een operatieve fixatie c.q. stabilisatie
van de wervelkolom heeft tot doel deze functies zoveel mogelijk te
behouden, dan wel te optimaliseren. In dit onderzoek zijn het ambu-
lantieniveau en de functionele vaardigheden direct vóór, en drie keer
na de operatie onderzocht. De functionele vaardigheden op het gebied
van de zelfverzorging en het zich kunnen verplaatsen, evenals de
mate van hulp c.q. ouderondersteuning die bij deze vaardigheden
nodig zijn, zijn gemeten met behulp van de PEDI. Na de operatie was
de ernst van de scoliose (de grootte van de primaire bocht) significant
afgenomen. De mate van bekkenscheefstand en de mate van rompde-
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viatie veranderden niet significant. In de eerste 6 maanden na de
operatie (waarvan de eerste drie maanden immobilisatie in een romp-
corset) hadden de kinderen significant meer hulp nodig bij hun
zelfverzorging en het zich kunnen verplaatsen in vergelijking met
vóór de operatie. Deze hulp was vooral nodig bij het aan- en uitkleden
van zowel het boven- als onderlichaam, bij catheriseren en colonspoe-
len en bij het maken van transfers. Na 12 maanden waren de scores
terug op het preoperatieve niveau en na een periode van anderhalf
jaar werd zelfs een stijging gezien ten opzichte dit niveau. Na de 
operatieve fixatie van de wervelkolom was lopen niet meer goed
mogelijk voor die kinderen hier die voor de operatie vaak alleen in een
‘therapiesituatie’ konden lopen. Deze informatie is van belang voor
hulpverleners teneinde ouders van kinderen bij wie een wervelkolom-
fixatie wordt overwogen, adequaat te kunnen informeren en begelei-
den. 
Conclusies
Op basis van de onderzoeksresultaten kunnen de volgende conclusies
worden getrokken:
1 Bij kinderen met spina bifida zijn parameters op het niveau van
‘stoornissen’ (‘impairments’) statistisch significant gecorreleerd
met ‘beperkingen in activiteiten van het dagelijkse leven’ (‘dis-
ability’).
2 Het ambulantieniveau vertoont een positieve statistisch signifi-
cante samenhang met de spierkracht van de heupabductoren en
de voetheffers.
3 Voor de zelfredzaamheid zijn een goede spierkracht, de
afwezigheid van contracturen en goede mentale mogelijkheden
belangrijker dan andere ziektekenmerken van spina bifida.
156
NEDERLANDSE SAMENVATTING
4 Een goede spierkracht (vooral van de knie-extensoren), de
afwezigheid van contracturen en de mentale mogelijkheden
blijken een belangrijkere bijdrage te leveren aan de zelfred-
zaamheid ten aanzien van zich kunnen verplaatsen, dan het lae-
sieniveau of het al dan niet aanwezig zijn van een (gedraineerde)
hydrocephalus.
5 Onafhankelijk zijn ten aanzien van zich kunnen verplaatsen
draagt meer bij aan de ‘kwaliteit van leven’, dan het al dan niet
rolstoelgebonden zijn of onafhankelijkheid op het gebied van de
zelfverzorging.
6 Jonge kinderen met spina bifida (£ dan 7.5 jaar) scoren op de
verschillende domeinen van de PEDI binnen de grenzen van
normaal, maar onder het gemiddelde. Een uitzondering vormen
de scores op het gebied van zich kunnen verplaatsen, waarop
lager dan normaal wordt gescoord. Bij oudere kinderen (> 7.5
jaar) zijn de scores op alle domeinen afwijkend.
7 De meeste kinderen met een lage (sacrale) spina bifida hebben
problemen met grof motorische vaardigheden; kinderen met
een meningomyelocele meer dan kinderen met een
lipomeningomyelocele. Beide groepen hebben meer ouderon-
dersteuning nodig bij hun zelfverzorging dan leeftijdsgenoten.
8 Hoewel kinderen met de meest ernstige vorm van spina bifida
(MMC) significant meer beperkingen hebben dan kinderen met
overige vormen van spina bifida, zijn scores betreffende het zelf-
beeld niet significant verschillend tussen beide groepen.
9 sychosociale ondersteuning is voor kinderen met overige 
vormen van spina bifida waarschijnlijk net zo hard nodig als
voor kinderen met een meningomyelocele.
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10 Een operatieve ontkluistering van het ruggenmerg voorkomt bij
de meeste patiënten  progressieve neurologische uitval en
achteruitgang in ambulantie. Achteruitgang in ambulantie en
het optreden van ‘retethering’ worden voornamelijk gezien bij
patiënten met een (lipo)meningomyelocele en niet bij patiënten
met overige vormen van spina bifida.11 De grootte van de pri-
maire bocht van een scoliose vermindert significant na een oper-
atieve fixatie c.q. stabilisatie van de wervelkolom.
12 In de eerste 6 maanden na de operatie is significant meer hulp
nodig op het gebied van de zelfverzorging en het zich kunnen
verplaatsen. Na 12 maanden zijn de scores terug op het pre-
operatieve niveau en na 18 maanden is er een verbetering te con-
stateren ten opzichte van de preoperatieve situatie.
13 Na een operatieve fixatie van de wervelkolom is lopen niet meer
mogelijk voor dié kinderen die daarvoor alleen in een ‘thera-
piesituatie’ konden lopen.
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AANBEVELINGEN VOOR TOEKOMSTIG
ONDERZOEK
1 Om inzicht te krijgen in de dynamiek van de onderlinge relaties
tussen de verschillende domeinen van het ‘disablement’ proces
bij kinderen met spina bifida, zijn longitudinale cohortstudies
van verschillende leeftijdsgroepen noodzakelijk. Het is be-
langrijk om de parameters op deze verschillende domeinen
prospectief te bestuderen, waarbij de huidige ‘International
Classification of Functioning, Disability and Health (ICF) uit-
gangspunt kan zijn.
2 Longitudinale cohortstudies zijn noodzakelijk om de effectiviteit
van de huidige fysiotherapeutische interventies te beoordelen,
wat betreft preventie contractuurvorming en het verbeteren van
de spierfunctie in relatie tot het vergroten van de zelfredza-
amheid op het gebied van het zich kunnen verplaatsen. In deze
toekomstige studies is stratificatie op grond van de spierfunctie
gewenst, in tegenstelling tot stratificatie op grond van het lae-
sieniveau. Daarnaast is het van belang om te bestuderen welke
therapievorm bij kinderen met spina bifida de meest effectieve
vorm is om functieverbetering te bewerkstelligen; de traditionele
vorm van therapie, waarbij ‘stoornissen’ (contractuurpreventie
en spierkrachtverbetering) het uitgangspunt zijn om functie te
verbeteren of ‘functionele fysiotherapie’, waarbij het trainen van
een specifieke vaardigheid het primaire uitgangspunt is. Deze
vorm kan eveneens resulteren in verbetering van de spierfunctie
en/of afname van contracturen.
3 Het ontwikkelen van een ziektespecifiek (PEDI-)profiel van
functionele vaardigheden is noodzakelijk. Met behulp van Rasch
analyses kunnen binnen de PEDI veranderingen op itemniveau
bestudeerd worden, in plaats van op domeinniveau. Een ziekte-
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specifiek PEDI-profiel geeft inzicht in de behoeften van een
kind, in vergelijking met zijn of haar leeftijdsgenoten die
dezelfde aandoening hebben.
4 Adaptatie van de Nederlandse vertaling van de ‘Spina Bifida
Health Related Quality of Life Questionnaire’ is noodzakelijk,
voordat deze gebruikt kan worden voor het evalueren van thera-
peutische interventies.
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